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PREFACE. 



In 1880, the fabrication of matches was not 
yet, properly speaking, a special indastry. It 
was limited to a few poor families, who not 
having the means to purchase in any quantity 
the materials necessary to the fabrication, 
were forced to sell, from day to day, the pro- 
duct of their labor in order to be able to pur- 
chase new material. 

The want of a machine, which would eco- 
'nomically manufacture wooden matches pre- 
sented an insurmountable barrier to the devel- 
opment of that industry. 

The work was done by hand, with imper- 
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feot took, which very often wounded those 
who used them. After the invention of the 
first machine to cat matches, a single man 
could mannfactnre daily from 1800 to 2000 
matches. 

Chemical improvements favored also the 
development of this indnstry; oxygenated 
tinder-boxes largely increased; and, at last, 
the invention of inflammable mastic produced 
a complete revolution. 

This new fabrication, of German origin, was 
established in other countries after a certain 
time. 

In 1836 few factories were in operation, but 
since that time these establishments have 
greatly multiplied. Notwithstanding this ra- 
pid progress, the hygienic character of the 
business has not been much improved. While 
it may be considered as an industry most inju- 
rious to health, yet hygienists have not given 
us much light on the subject. The accidents 
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whiob their fabrication^ cartage, use, etc., are 
liable to produce in so great numbers hav^ 
not yet been the object of scientific investiga- 
tion. 

The question of gun cotton is probably 
one of the most interesting which has risen 
into notice in the midst of the scientific move- 
ment of these last thirty-five yeais. The 
doubt has increased concerning the real value 
of this product and its applications. It is, 
therefore, useful to collect carefully all the 
elements of the question, to arrange them me- 
thodically, and to judge them with calmness 
and impartiality. It is with these views that 
this work has been composed. 

First, we have shown the present state of 
knowledge concerning the composition and 
nature of its pyroxylio products, its ballistic 
properties, its applications in pyrotechny, sur- 
gery, photography, mining, etc.; its preparation. 
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and the accidentB which are liable to take place 
during this preparation ; the accidents no less 
serious which result from the handling of gun 
cotton, and its application to fire-arms. 

Lastly, we have shown the causes of these 
accidents, the means to prevent them, and the 
processes of distinguishing gun cotton from 
ordinary cotton, not only in common u§e, but 
also in cases where it will be necessary to 
proceed to a judiciary inquest. 

To the fabrication of matches and gun cotton, 
we have added researches upon a subject well 
worth the attention of hygienists. 

Every one knows what development haai 
taken place in the fabrication of fiilminating 
powder, since percussion guns have been in- 
vented and used for war purposes ; but, what 
is not so much known, is that this fabrication 
is of all industries, not only the most unhealthy, 
but the most dangerous. 
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To State those dangers, and in a few words 
indicate the means which science offers in order 
to prevent them, is one of the objects of the 
last section of this work. 

Nbw Lbbaxov, Jane 25, 1864. 
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MATCHES, GUN COTTON, COLORETV FIRES, AND 
FULMINATING POWDERS. 



SECTION L 



CHEMICALS USED IN THE FABRICATION 
OP MATCHES. 



CHAPTER I. 

PHOSPHORUS. 
Formula Ph. Equivalent s= 32. 

1. History. 

Phosphorus was discovered in 1669, by 
Brandt, alchemist of Hamburg. He was 
engaged in researches on the philosopher's 
stone, or the art of converting common metals 
into gold. Brandt thought, that by mixing 
urine with the metals that he wished to trans- 
mute, he should succ^ better; but instead of 
obtaining what he was searching for, he disco- 
vered a new body, luminous by itself, burning 
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with an energetic power. It was the phatpho- 
ru8. Surprked bj the appearance of this new 
body, he sent a specimen to Kunckel, a Ger- 
man chemist, who showed it to Kraft^ of 
Dresden. This latter found it so marvellous, 
that he immediately started for Hamburg, with 
the intention of buying the secret of its pre- 
paration ; and, accordingly, he bought it for 
two hundred dollars, on condition that the 
secret would not be revealed. Kunckel, wish- 
ing to know it, and seeing that Kraft would 
not reveal it to him, resolved to discover it 
by experimenting himself and, after many 
trials, he succeeded in 1674. 

However, the process of preparation was 
kept secret till 1787, at which epoch, a stranger 
coming to Paris, made some of it before four 
commissioners named by the Academy of 
Sciences, Helht^ Dufay^ Oeoffroy^ and Duhameh 
When the preparation was made public, Hellot 
described it, with details, in 1787,* and Bouelle 
repeated it in his public lectures of the same 

* H6moira de I'Aoad^mie dee Soienoes, for 1737. 
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year. The process consisted in evaporating to 
dryness, putrefied urine, and heating strongly 
the residue in an earthen retort, the neck of 
which communicated with water. 

Phosphorus was prepared by this process 
for some time ; and a few years after, by the 
advice of Margrafi^ a salt of lead was added to 
it. Notwithstanding this useful addition, phos- 
phorus was so rare that it passed for an ob- 
ject of curiosity, to be found only in chemical 
laboratories. 

In 1674, Gahn discovered it in bones, and 
with Scheele published a process which per- 
mitted of obtaining it in considerable quanti- 
ties. It is this same process, slightly modified, 
which is now followed. 

Phosphorus becoming more common^ chem- 
ists could study its properties. The most re- 
markable works on this subject are those of 
Pelletier^ who combined it with sulphur and 
some metals; Lavoisier^ who discovered its 
combinations with oxygen ; Dulong and Davy 
studied its different acids, and BerzeUua not 
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only examined them, but also their combina- 
tions with bases. 

2. Physical Pbopkbtiks. 

Phosphorus is solid, insipid ; pure, it is so 
flexible that it can be bent seven or eight 
times without breaking. One six hundredth 
part of sulphur is sufficient to render it brittle. 

The nail scratches it easily, the knife cuts it 
without any difficulty. 

Its specific gravity « 1.77. Its odor is weak, 
and similar to hydrogen gas or arsenic in va- 
por. Sometimes it is transparent and colorless, 
sometimes transparent and yellowish, some- 
times half transparent as horn, sometimes black 
and opalescent. 

In the dark it is always luminous, provided 
it has the contact of the air; from that pro- 
perty, its name of two Grecian words, t««tf, light, 
and topo^t bearing. 

8. Chemical Pbofertibs. 

Phosphorus melts at 111^.46, and boils at 
654^. Its vapor is colorless, with a density b 
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4.828. Exposed to a heat of 140 to 158°, and 
suddenly cooled, it becomes black ; by cooling 
slowly, it stays transparent and colorless; a 
moderate cooling gives it the aspect of horn ; 
from black it becomes colorless by fusion, to 
become black again by cooling. 

Mr. Thenard was the first to observe these 
phenomena. He thought they were common 
to every 'kind of phosphorus, but since, he 
has had occasion to ascertain that such is not 
the case. He found that phosphorus was 
susceptible only of those different aspects, even 
after distilling as often as three or four, and 
even eight or ten times. 

The distillation of phosphorus must be 
made carefully, and in small quantities, other- 
wise the facility with which this body burns 
renders it dangerous. 

The phosphorus must be introduced into 
a small glass retort, fixed in a small furnace. 
The neck of the retort, which must be kept 
warm, communicates with water .at about 190°. 
Heat the phosphorus by degrees till it boils, 
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and continue the heat till the whole is dis- 
tilled. 

The distillation is made below red heat, and 
does not require even 892°. It always leaves 
in the retort, a little red powder of oxide of 
phosphorus. 

Solar light colors it red without rendering 
it opalescent ; and this change is efifected, not 
only in the air, but also in vacuum. 

Phosphorus kept over mercury, in a glass 
tube full of oxygen, at a temperature of 80°, 
and under a pressure of thirty inches, does not 
absorb oxygen in twenty-four hours; but if 
the temperature remaining the same, the pres- 
sure is diminished, so as to be only two or 
three inches, the phosphorus begins to be 
surrounded by a white vapor. It becomes lu« 
minous in the dark, it dissolves the gas oxy* 
gen by degrees, and forms hypo-phosphorio add. 
The less the pressure, the less heat is needed 
to produce combustion; nevertheless, it will 
not burn at 41° or below. 

If in the above experiment the pressure is 
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increased, the oombastion is determiDed onlj 
at a higher temperature. 

The addition of more or less quantities of 
nitrogen, or hydrogen, or carbonic acid, to a 
given Yolume of oxygen, produces the same 
effect. The diminution of pressure is the 
reason why phosphorus is luminous in the 
the air, bums slowly in it, and absorbs oxygen 
to isolate the nitrogen. 

Phosphorus is reduced sensibly in yapor, 
at the ordinary temperature, in all gases which 
do not attack it. 

Phosphorus burns in a mixture of air and 
oxygen, containing four of oxygen and three 
of nitrc^en, the oxygen being absorbed. 

If solid phosphorus acts very slowly on 
oxygen, it is very different when melted; it 
immediately absorbs and solidifies the gas, 
and the result is phdsphorie add. The disen- 
gagement of heat is so violent that the eyes 
cannot bear it. 

Besides phosphoric and hypo-phosphoric 
acids, phosphorus produces two other acids, 
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and one oxide, then it unites with oxygen in 
five proportions. 

It possesses the property of combining with 
a great many simple bodies, yiz^ hydrogen, 
sulphur, selenium, chlorine, bromine, iodine, 
and all metals. Its union with carbon and 
nitrogen is a problem. Those that it can make 
with barium, silicium, fluorine, have not been 
studied. 

As phosphorus has a great action on air, it 
must be kept in bottles containing no particle 
of this fluid. For this purpose, boiled water is 
cooled without the contact of the air, and the 
phosphorus is introduced into it. The bottle 
is shut, and kept in a dark place ; but, notwith- 
standing this precaution, phosphorus covers 
itself with a white crust composed of four of 
phosphorus and one of water. To preserve it 
from this alteration, it must be moulded in the 
form of sticks, and kept in this state in bottles 
full of water. 
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4. Natubal Statb. 

SiDce phosphoros barns with so much fa- 
cility, it does not exist pure in nature ; and in 
which it has been met only in combination 
with other bodies, viz^ with oxygen, and me- 
tallio oxides, in some phosphates, particularly 
the phosphate of lime, which forms the solid 
basis of bones of animals, in the milt of the 
carp, and a part of the cerebral matter and 
nerves, substances composed of oxygen, car- 
bon, nitrogen, and phosphorus. 

5. ExTBAcnoN. 

Phosphorus is extracted from calcined bones, 
which have been heated to the red heat in con- 
tact with the air, so as completely to destroy the 
organic matter. This combustion can easily 
be made in a lime-kiln. This kiln is sur- 
mounted with a reverse cone, terminated by a 
pipe, more or less long, so that the gases can 
be directed into a chimney. 

Oven. — ^A particular disposition which per- 
mits an avoidance of the disagreeable odor, and 
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renders the operation more e(5bnomical in 
burning all the gases, is indicated in Fig. 1. 



Fig. 1. 
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This disposition consists in a oylindrical 
oven, A. The upper aperture of which, -4', is 
narrow and provided with a cast iron muff; 
near the lower part, the aperture B is put^in 
communication with the body of the furnace 
with a circular gallery leading to the chimney 
D ; a grate Oj supported by two transverse bars,, 
which are fixed in the beginning of the opera- 
tion, the door E being open. The grate is 
loaded with combustibles, which are lighted 
under it. When the fire is well-lighted, shut 
the door JS, and in the low part of the chimney 
• 2), by an aperture 2?', light a few handfuls of 
shavings to establish a draught. Shut the 
aperture 2)', when the flame passes by the aper- 
ture in the circular gallery, and thence into the 
chimney. Begin to load with bones, the organic 
matter of which accelerates the combustion 
which is complete; all the gaseous products 
passing through an incandescent mass. When 
the furnace is full, shut almost completely for 
a few minutes the upper mouth A\ then with- 
draw the bars of the grate (7, so that the burned 
bones fall on to the ground. After this ope- 
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ration, shut again the door B; fill the furnace 
with new bones, and from time to time extract 
the burned bones through the door E^ which 
IS shut immediately, and new bones are intro- 
duced by the aperture A\ The combustion is 
uninterrupted, and operated without any other 
combustible than the substance of the bones 
itself. The incombustible residue of this ope- 
ration is so formed : — 

Snb-phospliate of lime . . . 80 to 82 
Carbonate of lime • . . . 15 to 17 
Sand 5 to 1 

100 100 

Pulverization of the Bones. — The burned 
bones are reduced to a fine powder, and passed 
through a sieve ; the coarse powder is ground 
over again and again, until the whole is en- 
tirely powdered. 

Decomposition by Sulphuric Acid. — To pro- 
duce this decomposition, that is, to transform 
the sub-phosphate of lime (SCaOSPhO^) into 
sulphate, and bi-phosphate, and the carbonate of 
lime (CaOCOJ into sulphate of lime, use a 
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quantity of sulphuric aoid, equivalent to the 
lime contained in the bones, in excess of the 
quantity which could form a bi- phosphate of 
lime, that is, for 100 of powdered bones, 66 of 
concentrated sulphuric acid, or rather the 
equivalent ■■ 100 in acid not concentrated, 
and marking 50^. 

The operation is effected in a tub lined with 
lead. Pour, at first, twenty-five gallons of boil- 
ing water, then forty pounds of acid at 50°, in 
which you dilute by degrees, with a wooden spa- 
tula, forty pounds of powdered bones. An ef- 
fervescence is produced by the disengagement 
of carbonic acid gas. When the effervescence 
has stopped, begin four times a similar opera- 
tion ; then you have in the tub, 160 pounds of 
bones decomposed by 160 pounds of acid, at 
50°. The matter, while warm, must be stirred 
from time to time to favor the reaction. Leave 
24: hours, stirring occasionally ; leave it to rest 
12 hours, and decant the clear liquid by a 
wooden tube, which leads it to the filters, and 
thQU into the evaporating pans. 

Wa^Atn^.— Dilute the first settlement with a 
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quantity of water equal to the first ; leave it 
to settle, and use this liquid to pass it on five 
or six other deposits. By this way the wash- 
ing liquors are saturated to 10 or 12^ in the 
fifth or sixth barrel, while the first is exhausted 
by the successive additions of water. Take 
out the deposit, and begin another operation. 

This methodical washing can be substituted 
by a methodical filtration, in barrels provided 
each with a double bottom, and covered with a 
cloth. 

All the solutions being saturated enough, 
are concentrated to 24^, £nd are put into 
a leaden vessel, in which the sulphate of lime, 
rendered insoluble by the concentration, is de- 
posited. 

Decant the liquid, which runs through a 
flannel filter to eliminate the sulphate of lime. 
Evaporate till it marks 83°. Leave it to settle, 
and decant anew. 

Ocmcentration — Mixing — Destccatton. — ^The fil- 
tration being completed, evaporate to syrupy 
consistence till the liquid marks 50°. This 
syrup, mixed with 20 per cent, of its weight 
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of finely powdered charcoal, is sabmitted to a 
last evaporation till completely dry, in a cast- 
iron kettle, heated brown red, and stirring all 
the time. 

The excess of sulphuric acid decomposed by 
the carbon disengages a large quantity of sul- 
phurous acid, and it is for this reason that the 
operation must be performed under a chimney 
with a good draught. 

When the mixture is as dry as possible, 
proceed to its decomposition at a red heat, so 
as to have the carbon react on the phosphoric 
acid which constitutes the phosphate acid. It 
takes the oxygen from this acid, and permits 
the phosphorus, set free, to pass to the distil- 
lation. 

Decomposition of the Mixture^ and Distillation 
of the Phosphorus. — This operation is effected 
in earthen retorts, which are filled three-quar- 
ters full. The retorts are inspected, so as to 
be sure that they are sound ; they are covered 
with a coating of argillaceous earth, they are 
dried slowly and completely, then placed on 
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two ranks into a furnace, with a doable vaults 
as represented in the Fig. 2. 

Fig. 2. 




Each rank of five retorts is heated bj a 
hearth situated a little above and below the 
hole A. The flame which extends under the 
vault escapes bj vent-holes, situated above 
each retort. These vent-holes are gradually 
larger, better to regularize the temperature. 
The products of the combination engage under 
a general vault 2>, which direct there towards 
the central chimney. A lead basin cTj put on 
cast-iron plates, is used to concentrate a part 
of the solutions ; utilize the lost heat, and pre- 
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vent the top of the funiaoe from becoming too 
warm. 

The beak of each of the retorts B is joined 
to an adapter in copper JST, which itself enters 
into the beak of a receiver of copper K These 
two joints are carefully heated with a mixture 
of hydrated lime mixed with blood, iron filings, 
and powdered sulphur^ or a mixture of dry 
powdered clay and linseed oil forming a thick 
paste. 

The receiver presents a large aperture 
through which the arm can easily pass, and 
which is shut by a covercle h ; a little adjutage 
g is left open for the disengagement of gases, 
and another lateral adjutage /is used as a ''too 
full." All the retorts being 'thus disposed, 
brick up the front part of the oven (7, under 
the vault, then light the fire, that is gradually 
raised for 12 hours, so as to avoid sudden 
changes, which would break the retorts. Begin 
to heat with coal, which, by its regular com- 
bustion, and its less calorific power of equal 
volume, decrease the chances of breaking the 
retort; terminate it by using dry wood, the 
8 
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lower flame of which sarrounds the retorts 
better. Keep up the temperature till all dis- 
engagement of gases has stopped. At first, it 
disengages air mixed with vapor of water, then 
hydrogen and oxide of carbon produced by 
the action of the charcoal on the water of the 
acid phosphate. Later, when the acid begins 
to decompose, phosphuretted hydrogen is 
mixed with the oxide of carbon, and this gas 
produces white vapors, which are sure signs 
of the beginning of the production of phos- 
phorus. The volume of the liquid now in- 
creases in the receiver. Let a part run out by 
the adjutage /, to avoid too great a pressure. 
Baise the temperature, so as to sustain the dis- 
engagement, and when it has completely 
stopped, which is the case after three days and 
two nights, the operation is completed. 

If the beak of the receiver is not large 
enough, it will fill towards the end of the ope- 
ration, and it is necessary to clear it every 
hour with a little bone spatula, being careful 
to have the hand covered with a glove of cha- 
mois skin, and well saturated with water. It 
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is usual to press and immerse in water the 
the first portions of phosphorus, which swim 
to the surface, and which may take fire during 
the operation. When the inside opening of 
the tube K is clear, the arm and the aperture 
h must be surrounded by a wet doth, and the 
tube g ought to be shut to prevent the entrance 
of the air, which might cause a combustion of 
that part of the phosphorus which is on the 
surface. It often happens that the temperature 
rises in the receiver, in which case it can be 
cooled by pouring cold water into it, which is 
taken out by the adjutage /. It is better to 
fix under all the receivers a kind of gutter, as 
indicated in the Fig. 2 ; then dispose in front 
of the receivers a tube i, which is adapted, at 
will, to the cork of a superior reservoir, so 
that by opening this cork the water is pro- 
jected in a fine stream by the tube i, on the 
receivers; and cools them. 
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6. Purification and Moulding, or Granu- 
lation OF Phosphorus. 

When the distillation is completed, take 
out the adapter K^ and dip it into cold 
water. Extract the phosphoros of each re- 
ceiver to clear it from the dirt it may con- 
tain. Then filter it through a chamois skin ; 
for this purpose agglomerate it by melting it 
under water at 140° ; when solidified by cool- 
ing, envelop it in a damp chamois skin, of 
which make a little knot C (Fig. 8), which 
is dipped immediately in a copper dish kept 
in the middle of a receiver A^ full of water at 
122°. When the. fusion is complete, press the 
little knot with a wooden dish DD^ on which 
you press with a lever (?, (7, so as to cause a 
very slowly graduated pressure. The melted 
phosphorus passes through the skin, and re- 
assembles liquid in the bottom of the vasis. 

The operation of producing phosphorus is 
more complete and less dangerous by filtering 
it while warm on animal black. The black is 
spread on a bed of about 5 inches on the false 
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bottom^ pierced with holes B^ B^ of a cjlia* 
drical reoeiver A (Fig. 4). 

Fig. 4. 




This receiver has previously been two-thirds 
filled with water heated to 140^ by the water- 
bath 0. The water covers the phosphorus ; it 
filters spontaneously through the black, passes 
under the false bottom in 27, and it can then 
be run out by the &ucet E^ put in communi- 
cation by a tube with another cylindrical re- 
ceiver B (Fig. 5), terminated by two hemis- 
pherical cups. This latter receiver, also heated 
over a water-bath Z>, D^ has a false bottom 
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pieroed with boles, and covered with a chamoifl 
skin (7, G. The receiver B being full of water, 

Pig. 5. 




open the &aoet of communication E (Fig. 4), 
adapted to the tube jP(Fig. 5). The phospho- 
rus displaces the water, and deposits on the 
chamois skin. It is covered by a bed of wa- 
ter A 

Then adapt the tube jP to a pump, with 
which draw the hot water, and stamp it again 
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in the receiver A. The pressure compels the 
phosphorus to go through the chamois skin, 
and it passes under the false bottom in E. Let 
it run by the tube G, to which is adapted a 
draught-tube, which conducts it under the 
water of an inferior receiver. 

We see that the operation is conducted 
without danger, and with economy. The last 
operation consists in moulding the phosphorus. 
The process generally followed consists in 
forcing it up through a tube, by aspirating the 
air with the mouth, being careful to keep a 
bed of water interspered between them. Shut 
afterwards with the finger the upper end of 
the tube, which is carried immediately in a 
receiver full of cold water, where the phos- 
phorus solidifies and contracts. It is extracted 
in the form of cylindrical translucent sticks. 

Another method of moulding it is indicated 
by Fig. 6. The phosphorus is liquefied exactly 
to its point of fusion over a water-bath jET, jET, 
in an elliptical or conical vasis /, in the bottom 
of which is an elbowed tube, terminated by a 
&ucet J^ soldered to the partition of a receiver 
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Z, L containing water. Into the socket of the 
&acet a glass tube M^ M^ the faucet being then 
opened, the phosphorus runs into the tube 

Fig. 6. 




where it comes to within 1 or \\ inches of the 
end, and solidifies. Shut with the finger or with 
an obturator N^ the end of the tube. Take it out 
and dip it into a receiver full of cold water, so 
as to extract the stick of phosphorus, when re- 
place the tube, and repeat the same operation. 
It is better to leave the tube i/, M, fixed at 
the end of the faucet, and attach to the cork 
N a piece of copper rod. When the phos- 
phorus is solidified around that rod, draw the 
cork which carries away the cylinder of phos- 
phorus. The faucet staying open, the liquid 
phosphorus continues to flow into the tube, 



42 HATCHBS. 

and to solidify. Thus you obtain a length of 
solid product limited only by the quantity 
of matter, and which is cut at will into sticks 
more or less long. 

The same disposition renders the moulding 
in form of grains very easy. It is sufficient 
to pour on a shelf, at the surface of the cold 
water, and to the height of the tube, a bed of 
tepid water at about 104^, and of a thickness 
of two or three inches, which does not mix 
with cold water on account of its density ; then 
open moderately the faucet J^ so that the phos« 
phorus can run drop by drop. It is easy to 
understand that every drop in traversing the 
cold mass solidifies, and then the phosphorus 
collects in the form of grains at the bottom of 
the receiver. This granular form is more con- 
venient for weighing than the cylindrical. 

In the above operation, a double furnace 
containing ten retorts, produces 24 pounds of 
phosphorus. The time of the full operation is 
four days. With four of such furnaces, by 
admitting 800 days' work in the year, the pro- 
duct will be 7200 pounds of phosphorus. 
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Each retort costs from 60 to 60 cents, and 
when of crucible earth costs 80 cents. Tbey 
are used bnt once, for the residuum is so bard 
that it cannot be extracted without breaking 
the retort. A chamois skin lasts only once, 
for its pores being full of dirt the phosphorus 
cannot filter through it 

The chances of breaking the retort dimi- 
nish the production from 11 to 9 and even 8 
per cent, of burnt bones. 
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CHAPTER IL 

AMOBFHOUS PHOSPHORUS. 

In 1851, Dr. Schrotter made known the mode 
of preparation on a large scale, and the properties 
of this kind of phosphorus isomeric with the 
white one. 

Propkbties. 

Amorphous phosphorus has a violaceous 
brpwn-red color, opalescent, hard, easy to pul- 
verize. Its specific gravity «■ 1.964 at the 
temperature of 50^, whilst at the same temper- 
ature the specific gravity of the ordinary phos- 
phorus a 1.880. It becomes luminous at 892^, 
is not inflammable in the air except if its tem- 
perature is above 892^; and a remarkable 
phenomenon is that it will burn under the 
influence of direct solar rays at a temperature 
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of 181®. It can be preserved in the air with- 
out alteration, and sulphuret of carbon, ether, 
naphtha, and alcohol cannot dissolve it. This 
variety, hardened by a prolonged heat, is more 
resisting, and has that very remarkable pro- 
perty of not being venenous, and of being in- 
flamed in the air by rubbing in presence of 
chlorate of potash. These two properties ex- 
plain the utility of its application in the fabri* 
cation of matches. 

Prbparation. 

To obtain amorphous phosphorus according 
to Schrotter's process, the white phosphorus 
must be kept in a close vessel at the tempera- 
ture of 586° for from eight to twelve days, 
heating it very gradually for two days, a little 
above 464®, to avoid the ebullition of the 
phosphorus. Then heat by degrees up to 586®, 
being careful not to exceed this point, for 
amorphous phosphorus will be reduced into 
vapors, and form again the ordinary phospho- 
rus. These conditions are realized with three 
concentric receivers of castiron, having the 
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form of crucibles. The largest one constitut- 
ing a water-batb, containing an alloy of equal 
parts of lead and tin. The second vessel 
dipped in this one contains powdered sand 
forming a sand-bath, in which is placed the 
third vessel, which last one contains the 
phosphorus, and transmits the temperature re- 
ceived by the intermediary of the two baths of 
alloy and sand. 

Schrotter placed in this third vessel, a 
china vessel, having a similar form, and this 
latter receives the phosphorus. 

A cast-iron covercle is adapted to the, third 
vessel; this covercle is maintained by a 
screw, which presses strongly on the centre. 
In all cases, the covercle of the third vessel 
has a furrow in which is fitted the threaded 
end of a copper tube curved as a syphon; 
and of which the opposite end goes into a little 
kettle containing mercury. This pipe is pro- 
vided with a faucet to shut off the communi- 
cation between the receiver and the mercury 
when the operation is completed. During all 
the time that, with the help of the two baths, 
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the temperature is maintained at 586^, a little 
lamp should be placed under the tube to keep 
the temperature sufficiently high to liquefy the 
phosphorus which can be carried away by the 
phosphuretted hydrogen gas, and will shut the 
tube if not heated. 

After gradually heating the double bath to 
disengage the air and vapor of water, raise the 
temperature till disengagement of vapors which 
bum in the air. One or two hours after, raise 
the temperature 892'', then to 464'', and at last 
to 686^, and keep it at this point for ten days. 

M. Coignet, of Lyons, has done away with 
the bath. He heats the phosphorus directly 
with the same care in a cast-iron vessel which 
holds 400 pounds. Five similar vessels, 
holding together 2000 pounds of phosphorus, 
or 4000 in one month can furnish enough for 
the entire consumption of the United States at 
the present time. After cooling, the phos- 
phorus is found hardened. It is then broken 
with a hammer, and taken oat, ground in a 
mill with water, passed through a sieve, and 
washed with sulphuret of carbon to dissolve 
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the white phosphoras which has not been 
transformed. 

Another method of separating the white 
phosphoras, consists in exposing the amor- 
phous phosphorus to damp air, when the white 
phosphorus acidifies, and it is only necessary 
to wash with water to dissolve the acid. 

The surest and most economical method of 
eliminating the white phosphorus is that fol-* 
lowed- by Mr. Coignet. It consists in submit- 
ting phosphoras to the action of a boiling 
solution of caustic soda, which attacks and 
dissolves the ordinary phosphorus, and forms 
a soluble hypophosphite, and disengages phos- 
phuretted hydrogen. The ebullition is then 
continued, and the alkaline solution changes . 
nntil all fetid odor has disappeared. It is then 
well-washed with water until all the soda is 
removed. 

After the operation, the amorphous phos- 
phorus is dried, and used as we shall hereafter 
indicate in the preparation of matches. 
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Uses of thx Two Yabixtiss of 
Phosphobus. 

Tbe principal uses of the two kinds of phos- 
phorus consist in the mannfaotnre of matches. 
For this purpose the annaal consamption in 
France is about 72,000 pounds, while for all 
other uses the eonsumption is not more than 
1,000 pounds. 
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CHAPTER III. 

SULPHUR. 
Formula S. Equivalent s= 16. 

Pbopbbtibs. 

Sulphur is a sabstance foand abundantly 
in nature, sometimes isolated, and sometimes 
in combination "with a great number of metals. 

Sulphur may be obtained in three states. 
At the ordinary temperature it is solid ; heated 
above 282^ it melts, and furnishes a very lim* 
pid, canary-yellow fluid; heated at 750° it 
boils and distils. 

Sulphur will crystallize at a low temperature 
by dissolving it in a volatile liquid. The sul- 
phuret of carbon is its best solvent. 

Melted sulphur is perfectly limpid, and of a 
clear, yellow color. Further heated, its color 
becomes deeper, and it loses its fluidity. At 
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S20^ it flows with difficulty, and its color be- 
comes brown. 

Sulphur bums with a blaish flame, giving 
out the well-known suflbcating smell whiclb 
needs no description. Sulphur combines with 
oxygen in various proportions, two of which 
are extensively used, the sulphurous and sul- 
phuric acids. 

Its fracture is light, its specific gravity <» 
1.99, and its equivalent 8 16. 

It combines with all metals and metalloids 
but nitrogen. 

Natural State. 

Sulphur is found native, and in combination 
with iron, lead, mercury, antimony, copper, 
and zinc. 

It is met also in many sulphurous waters 
united with hydrogen, in several plants, and 
a few animal matters. 

EXTBAOTION. 

Sulphur found in the trade is generally pure 
enough for the fabrication of matches. 
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CHAPTER IV. 

red oohbe — minium— bi-oxidb of lead — 
bi-oxibs of mangansss. 

Bed Ochbe. 

The red ochre^ or sesquioxide of iron, is violet 
red, less easy to melt than iron, unalterable by 
heat, without action on oxygen or the air. 

The sulphurio and hydrochloric acids dis- 
solve it easily. 

It exists very abundantly in nature; it is 
the sesquioxide of iron which colors the argi* 
laceous earths. It can be obtained by different 
processes : 1st. By calcining iron in contact 
with the air ; 2d. By decomposing the salts of 
sesquioxide of iron by ammonia; Sd. By de- 
composing the nitrate or carbonate of iron by 
heat The cheapest process is to decompose 
the sulphate of sesquioxide by heat. 
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The seaqmoxide of iron has several uses. 
In the fabrication of matches it is employed to 
color fancy matches. 

The yelhw ochre^ or snb-salphate of iron^ is a 
natural product. 

Mminic. 

Minium is an oxide of lead, pulyerulent, yel- 
lowish-red ; it is formed of two eq. protoxide 
of lead, and one bi-oxid; , and is represented by 
2{PbO)PbO^ 
It is prepared in the following manner : — 
Calcine the lead in a reverberatory furnace 
till converted into yellow oxide ; the mass is 
well ground, and the powder submitted to the 
action of a current of water, which carries 
away the oxide. Collect it, yid dry it, and in 
this state it is called massioot. Have ready 
some sheet-iron vats, 4 to 6 inches deep, con- 
taining 50 pounds of massicot, and put them 
into the reverberatory furnace which has been 
used to prepare the massicot, and leave them 
over night The oxide absorbs the oxygen, 
and passes at the state of red oxide or minium. 
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One fire is not sufficient, and the operation 
must be repeated several times. 

The more thoroughly the oxide is divided, 
the more readily is it converted into minium. 

As found in the trade, it is pure enough for 
the fabrication of matches. It is employed to 
color matches, and prepare the bi-oxide of 
lead. 

Bi-oxiDB^F Lead. 

This oxide has a flea color. Air and oxygen 
have no action on it. Heat transforms it first 
into minium, then into protoxide of lead. 

Bubbed in a mortar with sulphur it takes 
fire, and produces sulphurous acid and sul- 
phuret of lead. Hydrochloric acid decomposes 
it into water, chlorine, and chloride of lead. 

The bi-oxide of lead does not exist in na- 
ture. It is represented by PbO^. 

It is better for the manufacturer of matches 
to prepare it himself for it is rarely found in 
the trade, and generally it is not pure. It is 
prepared by treating the minium with nitric 
acid. For this purpose introduce 1 part of 
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minium in a glass or earthen vessel, pour on 
it '5 to 6 parts of nitric acid diluted with its 
weight of water; raise the temperature by 
degrees to ebullition, shaking from time to 
time. The minium is decomposed ; it gives its 
protoxide to the acid, and the bi-oxide is set 
&ee. When the decomposition is achieved, 
which does not take more than half an hour, 
fill the vessel with hot water, and let to 
settle, the bi-ozide d€2>osits. Decant the clear 
liquor which contains the nitrate of le^d, and 
substitute for it pure warnv water; decant 
anew, and continue the same operation until 
the water has no taste. Collect the precipitate 
on a filter, and dry it at a gentle heat. 

It can also be prepared in the following 
manner : — 

Boil a solution of acetate of lead with an 
excess of chloride of lime in solution. Wash 
the precipitate on a filter to eliminate the salts, 
and dry it at a gentle heat. 

This oxide is now largely used in the prepa- 
ration of matches. 
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BmoxiDB OF Maitgavese. 

Tbe binoxide of manganese, sach as found 
in the trade, is pare enough ; but it is better 
to treat the commercial oxide by diluted hy- 
drochloric acid until all efferyescenoe has 
stopped. Let it settle, decant, and wash the 
residue with warm water until this water has 
no longer any taste. Collect the oxide on a 
filter, and dry it. 
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CHAPTER V. 

SULPHIDB OF ANTIIIONY — OXY-SULPHIDB OF 
ANTIMONY— SULPHURIDB OF MBRCUBY (VER- 
MILION) — CYANIDE OF LEAD. 

SuLPHiDB OF Antimony. 
This Bnlphide (per-sulphide) Sb^^ is orange 
yellow. Heat decomposes it into salphnr and 
proto-Bulphide. Hydrochloric acid dissolves 
it with disengagement of sulphydric acid and 
precipitation of salphur. It is obtained by 
mixing a solution of perchloride of antimony 
with tartaric acid, and passing a current of sul- 
phydric acid through it. The precipitate is 
well washed, filtered, and dried at a gentle 
heat. 

OXY-SULPHIDES OF ANTIMONY. 

When the sulphide of antimony is reduced 
to powder, and roasted until it has lost its me- 
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tallic brightness, then melted, it produces an 
opalescent product with a vitreous break. It 
is a mixture of oxide and sulphide of antimony, 
which takes the name of crociLS or liver of anti- 
mony^ according to the proportion of sulphur 
it contains. 

The crocus contains \ of its weight of sul- 
phur, and the liver of antimony ^. But as the 
oxide and sulphide can combine together in 
many proportions, it is evident that the com- 
position of these two products must vary, ^he 
first has a yellowish-red, and the second a 
brown and tarnish-red color. 

SULPHIDB OP MKROUBY. 

The sulphide of mercury (vermilion), as 
found in the trade, is sufficiently pure for the 
fabrication of matches. 

The sulphide of mercury (HgS) sometimes 
exhibits a red color, more beautiful than that 
of sublimed cinnabar. Heat decomposes it 
into sulphur and mercury. Hydrogen, carbon, 
and many metals also decompose it. Nitric 
acid and aqua regia rarely attack it. In the 
fabrication of matches it is used for coloring. 
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Cyanide of Lead. 



Cyanide of lead is obtained by adding a so- 
lution of cyanide of potassium to a solution of 
acetate of lead, and it forms a precipitate vbicb 
is washed by decantation. The precipitate is 
then collected on a filter, and dried at a gentle 
heat. 
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CHAPTER VL 

chlorate of potash— -nttbatb 07 potash— 
bichsoxate 07 potash— lotbatb 07 lead. 

Chlorate o7 Potash. 
Chlorate of potash (KOCIO^ is an anhy- 
drous salt, which crystallizes in the form of 
small spangles. They are larger when the 
crystallization is effected slowly. It is much 
more solable in hot than in cold water. 

100 parte water at 320 dissolre 3.33 parte oLlor. of potash. 
it u 5go " 5.60 " " 
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« 12.05 
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" 18.96 


166JO 


" 85.40 


220io 


« 60.24 



Alcohol does not appreciably dissolve it. 
Chlorate of potash fuses at 750"^; at a higher 
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temperature it parts with its oxygen, and is 
ultimately reduced to chloride of potassium. 
On ignited ooals it deflagrates vividly. It is 
one of the most active oxidizing agents, and 
forms explosive mixtures with the majority of 
combustible substances. Thus, an intimate 
mixture of it with sulphur, produces a violent 
detonation when placed on an anvil, and struck 
with a hammer. Those mixtures should be 
made with great care, and in small quantities 
to avoid accidents. 

The detonating mixtures, formed of chlorate 
of potash, are much more powerful than the 
corresponding mixtures made with nitre. Gun- 
powder, much superior to that in ordinary use, 
has been made with chlorate of potash, but it 
was excessively explosive^ and burst the fire- 
arms in which it was used. Its preparation 
and preservation being very dangerous, its 
manufacture has been abandoned. 

A mixture of chlorate of potash and sulphur 
has also been used in the fabrication of per- 
cussion caps for guns, but fulminating mercury 
is now preferred. 
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If a drop of concentrated salphuric acid ba 
thrown on a mixture of sulphur and chlorate 
of potash, the sulphur takes fire. Advantage 
was taken of that property for producing fire, 
and the process was generally followed until it 
was superseded by the phosphoric matches. 

Commercial chlorate of potash is sufficiently 
pure ; but, before using it, the manufacturer 
must dry it completely. 

NiTRATB OP Potash. 

Nitrate of potash (NO5KO), commonly known 
in commerce by the name of nitre and saUpeire^ 
is a natural production. 

It has a cool, slightly bitter taste; its den- 
sity as 1.983. Subjected to the action of heat 
it melts at about 662°, forming a mobile liquid, 
which congeals on cooling, with a vitreous 
appearance. Heat decomposes it into nitrite of 
potash. 

It is more soluble in hot than in cold water. 

100 parts water at 32P diBBolve 13.32 parts nit. of potash. 
" " 64P,4 " 29,00 " ' " 

«< u XI30 " 74.60 " " 

« " 206O.6 " 236.00 " " 



NTTBATE OF LXAD. • 68 

Kitrate of potash is a powerful oxidizing 
agent; thrown on ignited coals it fu&es^ in- 
creasing the combustion of the coal at the 
point of contact. A mixture of it with sulphur, 
thrown into a heated crucible, produces a vivid 
combustion with great evolution of light, and 
forms sulphate of potash. It is one of the 
components of gunpowder. 

Nitrate of potash, before using, must be 
perfectly dry. 

BiCHBOHATE OF POTASH. 

Bichromate of potash K02(Cr,03) has a very 
intense red color ; its taste is fresh, bitter, and 
metallic; it crystallizes in large rectangular 
tables, anhydrous, inalterable in the air, insol- 
uble in very concentrated alcohol, soluble in 
ten times its weight of water at 68°. It de- 
stroys vegetable and animal colors. It is suf- 
ficiently pure as found in the trade. 

Nitrate of Lead. 

Nitrate of lead is prepared by dissolving 
litharge or white lead, or metallic lead, in an 
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exoess of nitrie acid, taking care in the latter 
case to keep the acid in excess. 

The hot solution, when saturated, deposits 
on cooling regular octahedron crystals of ni- 
trate of lead, which are sometimes transparent, 
and sometimes opalescent, but in each case 
anhydrous. The manufacturer of matches can 
make it more easily when he prepares the bi- 
oxide of lead, by evaporating the acid solution ; 
the nitrate of lead crystallizes on cooling. Gold 
water dissolves only about 4 of its weight of 
nitrate of lead, while it is much more soluble 
in hot water. Crystals of nitrate of lead de- 
crepitate on hot coals, and feed the combustion 
like all the nitrates. Nitrate of lead is decom- 
posed by heat into hyponitric acid, which is 
disengaged, and protoxide of lead which re- 
mains. By boiling a solution of nitrate of lead 
with the oxide or carbonate of lead, a liquid is 
obtained, which deposits, on cooling, large 
crystals of a basic nitrate (2PbO,NO-^HO). 

A nitrate of lead, possessing still higher 
basic properties is obtained by treating the 
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nitrate or bi-basio nitrate with ammonia^ when 
a white precipitate of the formula (4PbON04 
+ 8H0) is formed. A large excees of ammonia 
decompofiea ihia precipitate, and leaves by- 
drated oxide of lead« 
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CHAPTER Vn. 

GUM — GELATmiB. 

Gum. 

Certain substances, as yet imperfectlj un- 
derstood, which issue firom trees, are called 
gums. Their elementary composition is the 
same as that of amylaceous matter, but they 
differ from it in several of their chemical pro- 
perties. Gum may be divided into three spe- 
cies. 

1st. Gum arable. 

2d. Indigenous gum, 

8d. Oum tragacanth. 

Gum arabic issues in the form of a viscous 
solution, from certain species of acacia, and 
after some time the substance coagulates and 
dries on the tree. Large quantities are im- 
ported from Senegal. 
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Gum arabic is found in small round masses, 
haying a conchoidal and vitreous fracture, and 
its taste is sweetish and nearly insipid. It dis- 
solves into indefinite proportions in water, im- 
parting to it a peculiar consistence called 
gummy. It dissolves slowly in cold^ and ra- 
pidly in hot water. 

The purest gum arabic has always a slightly 
yellowish tinge ; but it may be made perfectly 
colorless by passing chlorine through a boiling 
solution of gum, and drying the substance. 

Gum tragacanth flows from certain vegetables 
of the genus Astragalus^ which are cultivated in 
the eastern part of Europe. It exudes in the 
shape of a very thick gummy juice, which by 
solidifying forms small contorted strips. This 
gum is the mixture of several substances. The 
essential principle of this gum is called bassorin; 
it does not dissolve in water, but it swells, and 
is converted into a gelatinous substance. It 
dissolves in alkalies. 

Nitric acid converts gums into mvcic acid. 
Gum in the fabrication of matches most be 
used in fine powder. 
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Gelatin. 

Common glue answers the purpose i^ the 
&brication of matches; it is manuf^ctared borsf, 
{leather scraps, i;eAdonSy horns and hpofe of ani- 
XDals. When heated it melts, and Qongeals OJf. 
cooling into a remarkably coherent ,m|ias. C0I4 
water merely softens and swells without ,dis- 
solving it, while boiling water dissolves it, ^d 
forms a viscid liquid which coagulaites iifipo f 
more or less consistent jelly on .ooo]ai?ig. Al- 
cohol precipitates gelatin .from its aqueous 
solution. Prolonged ebullition with water 
destroys gelatin, and it no longer coagulates. 
When glue is used, it is better to so^ it in 
tepid water for 24 hours before dissolving it. 
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CHAPTER Vin. 

COLOBIKa HATT£^ USED JS TSA PREPARATION 
OF HATCHES. 

We have already indicated two, the vermi- 
lion and the minium, and we shall now men- 
tion a few others extensively nsed. 

Pbussiak Blue. 

To prepare it, dissolve in water some per- 
sulphate of iron; pour into this solution a 
sufficient quantity of yellow prussiate of potash. 
It forms a blue precipitate ; let it settle ; decant 
the clear liquid ; wash the precipitate several 
times with water; collect it on a filter, and 
dry it It is used to color blue. 

Chromate of Lead 
Is prepared by adding a filtered solntion of 
acetate of lead to a like solution of bichromate 
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of potash, as long as a precipitate forms. 
Wash it with water; collect on a filter, and 
dry it at a gentle heat. 
It is employed to color yellow. 

Othkb Blub CoLOte. 
Instead of Prussian blae, the ultra-marine 
and smalt can be used. 

Gbesn. 
Employ the green of copper, or a mixture 
of chrome yellow and Prussian blue. 

Violet. 

Use a mixture of Prussian blue and vermi- 
lion. 

Black. 

Use very divided lampblack. 

White. 
Use a little white lead or chalk. 

Otheb Colors. 
Several experiments have been made of em- 
ploying colors of coal tar, and have so far sue- 
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ceeded. As their coloring power is very 
strong, very little is required to color large 
quantities of paste. They are used dissolved 
in alcohol. The powdered gum is colored 
with it, and dried afterwards.* 

Varnish for Matches. 

Some fancy matches are covered with a 
light varnish, which is prepared by dissolving 
black shellac in alcohol. The solntion must 
be very diluted, and is sufficient to give a 
brilliancy to the matches. 
The proportions are — 
Black shellac, 1 lb. 
Alcohol, 1 qt. 

* For their preparation, see Treatise on the Preparation 
of Coal-tar Colors. Fablished hj H. C. Baird, Phila- 
delphia. 
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FABRICATION OP MATCHES. 



CHAPTER IX. 

GENERAL BEHABEB ON XATC^kS. 

Ahonq the properties which characterize 
sulphur, its inflammability at 482^ explains 
its earliest application in the fabrication of 
matches. That &brication has received from 
chemistry various and important modifications, 
which facilitate the means of obtaining fire 
and light almost instantaneously. 

When, for the first time, a match could be 
inflamed by dipping it in a bottle futt of phos- 
phoric mastic mixed with oxide of phosphorus, 
the result was fine, but was &t from those now 
obtained. This primitive invention is due to 
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Cagniard de La Tonr, and is the foandation of 
the actual industry of matches inflammable by 
friction. 

The inflammation became more easy when 
the end of each sulphuretted match was pro- 
vided with a paste called oooygenated^ formed of 
powdered sulphur, 25 ; chlorate of potash, 80 ; 
lycopodium, 2; cinnabar, 1^; agglomerated 
by 6 or 6 parts of a solution, containing 4 of 
gum arabic, and 8 of gum tragacanth. This 
mixture once dried, could be effectively in- 
flamed when the end of the match, thus pre- 
pared, was put into contact with asbestos im- 
bibed with concentrated sulphuric acid. This 
acid decomposes the chlorate of potash ; sets 
free the chloric acid which is immediately 
decomposed, and produces nascent oxygen 
which burns the combustible substances. 

The following process was an improvement : 
Make a very thick solution with 60 parts of 
gum, and add to it 20 parts of phosphorus, 
which being mixed with 80 of chlorate of 
potash, and 0.6 of Prussian blue, gave an ad- 
hesive paste. That paste, dried at the end of 
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the matches, took fire by friction. All these 
processes were very imperfect, and have been 
much modified. 

Now the fabrication of matches is carried on 
in considerable establishments, which occnpy 
several hnndred men. It exists also in small 
&ctories, worked only by a single fisunily. But, 
as generally those small factories do not work 
regularly, all the operations here indicated are 
done only in large establishments."*" 

The fabrication of matches is divided into a 
series of operations which we shall enumerate 
and describe rapidly in the following order : — 

1. Fabrication of wooden matches. 

2. Cutting and splitting of the wood. 
8. Making of boxes. 

* In Gennany there are reiy Important mannf aoturers 
of matohefl, Buoh as those of Mr. Bomer, at Vienna, Levj, 
at Pragne, Fnrti, at Shnttenhofer. According to Mr. 
Peligot, Mr. Fnrti manofactiures jearlj 600,000 cases of 
matches. He employs 400 men, and nses 800 poands of 
phosphorus. The establishment of Messrs. PrescheU and 
Pollack, at Vienna, is also reiy important, and weU or- 
ganised. 
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4. Laying in press the body of the matches. 
6. Dipping into the sulphur. 

6. Drying. 

7. Taking down the presses. 

8. Patting up into packages and boxes. 

9. Preparation of the paste. 

The first three operations are a special fabri- 
cation, generally done outside of the match 
&ctory, and it employs nearly as many men 
as all the other operations together. 

The last six operations are carried on in the 
factory, and if the establishment is not consid- 
erable enough to have separate buildings for 
each one, all the hands are necessarily placed 
under the same hygienic conditions ; but in a 
well organized establishment there are separate 
buildings for every operation. 
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CHAPTEB X. 

OPERATIONS FOLLOWED IN THE FABRICATION 
OF HATCHES. 

The wood of the white poplar {Pcpulus tr^ 
mula and P. alba) is generally used to prepare 
wooden matches. Birch wood is more costly, 
and less easy to split; the matches it produces 
bnm longer. Fine wood is very good for the 
preparation of cylindrical matches. 

The first operation consists in drying the 
chunks of wood, in an oven, situated above a 
baker's furnace. The oven ought to be heated 
to 428^ When the greater part of the water 
has escaped in the form of steam, shut off all 
communication with the air, and leave the 
wood in it for 12 or 24 hoursi open the oven, 
and begin another operation. 

The dried chunks are cut into stumps from 
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2} to 8} incbes long, according to the size of 
the matches. These cylinders are split square, 
then, with a knife, they are cat in the direction 
of the ligneons fibre, in shelves parallel to one 
of the sizes ; catting them in a perpendicular 
direction to the first section, all the shelves are 
subdivided in prisms, which adhere to each 
other if the knife stops at a few lines above 
the bearer; when the matches are to be isolated, 
the knife cuts the block in all its length. 

It will interest the reader to know the ap- 
paratus used in Germany to manufacture 
wooden cylindrical matches. To prepare the 
wood, a plane is employed, thje blade of which 
is represented below. 

Fig. 7. 



This little tool is very simple. The iron of 
the plane consists of a little quadrangular and 
flat bar of steel. The bar is a little curved at 
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one of its ends, which is filed, and has in it 
three cylindrical holes which are pierced with 
a drill, and which, being filed, become the 
punch which penetrates into the wood, and 
converts it into litUe cylindrical sticks. This 
iron is fixed into an ordinary plane. 

The wood used is pine, without knots, in 
pieces from 2 feet 2 inches to 2 feet 5 inches 
long. The piece of wood, fixed on a table, is 
smoothed with an ordinary plane ; every time 
the man planes, he draws from this piece of 
wood, thus prepared, three sticks the length of 
the wood. One man can produce every minute 
180 sticks, then each stick giving 14 matches, 
he makes every hour 161,200 matches, or 
1,512,000 in a day of ten hours. These sticks 
are fixed in bundles ready to be cut, and are 
tied together with strings conveniently placed. 

When the large sticks are tied up they are 
cut with a knife, having the extremity of the 
blade moving around an axis. This operation 
is very rapid. 
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2.. Laying in Press. 

The pieces of wood which are to form the 
matchA are brought into the fitctory in pack- 
ages of 1500 to 2000; they are distributed to 
the hands who set them in the presses. They 
dispose a large number (800 to 1000) in a 
wooden frame, in which they are fixed in such 
a way as to be dipped at once into the chemical 
mastic. This operation occupies the most 
hands in the factory. 

When the work is well divided, the number 
of hands employed in that operation would be 
equal to about the |* of the total number 
of persons employed in the Seu^tory. 

* Thifl can be Judged aooording to the perBonnel of some 
foctories in PariB. At Mr. Morillon's, where 3 or 4 women 
are soffioient to dismount the presseSi there are 150 em- 
ployed to fill them. At Mr. Malbeo's, thej employ 
150 fillers; 35 who dismonnt and fill the boxes, a 
dipper to the snlphnri one to the mastic, a grinder for 
the mastio, and a foreman. At Mr. Delacooroelle's, on 
60 men, there are 44 fillers, 4 dismoonters, 1 dipper, 
and 1 foreman. 
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This operation is done in the following man- 
ner: Each woman takes into her hand a cer- 
tain number of pieces of wood, and spreads 
them rapidly on a shelf with notches, disposed 
in such a manner that each notch receives one 
body. The shelf being full, with the other 
hand, she takes another shelf similar to the 
above, and covers the first one. A second, a 
third, eta shelves are placed in the following 
manner until the firame is full. When the frame 
contains 16, 20, and even 25 superposed shelves, 
they are fastened and fixed together with 
screws. 

In Germany, where the fabrication of matches 
is the most advanced, they operate in the same 
manner, and it is the quickest process for the 
sulphuration. Mr. Peligot has ascertained that 
by this process a woman can fix in one day 
200,000 matches. 

In a well constructed factory, the above 
operation can be conducted, without in any 
way endangering the health of the operator. 



6 
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S. SULPHUBATION OB DIPPING IK THE 
SULPHUB. 

The presses being filled, and laid up, are 
brought by women or children into the room 
intended for the dipping. The dipper takes 
the frame with both hands, and dips the ends 
of the bodies into sulphur melted in a square 
iron kettle, about 2 inches deep, with a flat 
bottom. 

The sulphur must be at the temperature of 
462^, and is kept at this point by a gentle 
heat, which can be limited by adding to it, 
from time to' time, a piece of solid sulphur. 
Two flat kettles can also be used on the same 
fire, the first receives the solid sulphur, and 
when liquefied, it runs into the second. To 
be certain that the temperature does not raise 
above 482^, it is preferable to use a bath of 
boiling chloride of zinc. 

4. Dipping into the Chemical Mastic 

The dipping of sulphuretted matches into 
the chemical mastic is always done in the same 
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room as the sulphuration, and the two dippera 
work side by side. When the matches have 
been covered with snlphur at their extremity, 
the dipper deposits the presses On the floor 
near the other dipper, who takes them to com- 
plete their preparation by dipping the sni- 
phnretted end into the chemical mastic. This 
operation is done in the same manner as the 
above, except that instead of a hollow kettle, 
a marble table is used, on which is spread a bed 
a quarter of an inch thick, of chemical mastic, 
half liquid. When the matches of one press 
have been dipped, the bed of mastic is smoothed 
again with a kind of trowel. He dips a second 
press, and so on throughout 

In Oermany stone tables are used. In Paris, 
Mr. Malbec has adopted the use of a kind of 
trough, with a flat, copper bottom, square, and 
about 1| inch deep; it is placed on a stone 
table. When we come to speak of the question 
of explosions in factories, it will be seen that 
it is not a matter of entire indifierence what 
disposition is made for dipping, and that it is 
an advantage to use Mr. Malbec's apparatus. 
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6* Dktino of MATCHxa 

Matches, saturated with the chemioal mastic, 
are placed in the oven to dry. The presses 
are fixed on an open shelf where they will dry 
freely. The thermometer is used nowhere to 
graduate the temperature, so that the desic- 
cation is operated more or less quickly. Gen- 
erally the presses are left in the oven 24 hours. 
Hereafter we shall speak of imperfections in 
the disposition of the oven. 

6. DisHouKTiNa OF THX Pbsssbs— TUTTIKa 

UP IN PAGKAaXS AND BOZXS. 

When the matches are thoroughly dried, 
the presses are carried to the women who hare 
charge of the dismounting of them ; they undo 
the frames, empty the shelves, and collect the 
matches in bundles. This operation is done 
quickly, and in many manu&ctories, the 
persons who dismount the presses are the 
same #ho make up the packages and fill the 
boxes. The sequel of this work will show the 
importance of having the matches put up into 
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boxes immediately after they are taken from 
the press. In many establishments matches 
are pat np into packages of 1000 or ISOO, and 
surrounded with paper^ It ia «n imperfect 
method. 
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CHAPTBE XL 



FBIOnON HATCHKS WITHOUT NOIBX. 



Wb give below several usual oompositioxui 
is phosphoric mastic for ordinary matches. 



pMtowlth PMtawlth lUtehaawith- 





Olne. 


Onm. 


out Snlphiir. 


Phosphonu . • 


. 2.6 parts 


2.6 


8. 


Qlne • • . • 


• 2 or gam 


2.6 


2.6 


Wfttw . . . . 


. 4.6 


8.0 


3.0 


Fine Sand . . 


. 2.0 


2.0 


2.0 


BadOobn . . 


. 0.6 


0.6 


0.0 


Yonnllion, or 








PniMi«n Bine 


• 0.1 


0.1 


0.1 to 0.6 


ChlontaofPotM 


b . " 


« 


8.0 



Mr. Boetiger has given the two following 
compositions now in use : — 



Fhoaphonu . . 
Kitnta of Potash 
Mininm . • • 
aioo . . . . 



I. n. 

4 parts 9 parts 

10. " 14 " 

3 '< or Binoz. Hangan. 14 « 
6 " or Gum 16 " 
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If glue is used, break it into small pieoes ; 
macerate it three hours in cold water, and after- 
wards melt it in a copper kettle, A^ heated over 
a water bath, B (Fig. 8). When the glue is 




floid, and at 212^, take the kettle out, and put 
it in the circular aperture of a table, O (Fig. 
9), which will hold it firmly. Add to it by de- 
grees the phosphorus, which melts immediately, 
and must always be covered by the aqueous 
liquid. Begin to stir, id turning the mass, 
with a wooden scovel covered with hair. 
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Stir all the time till cold, so as to have a 
well divided emulsion of phosphoras. Then 
inoorporate the sand and the coloring matter. 

Fig. 9, 




This mixture is kept fluid by patting the dish 
which contains it over a sand bath, heated to 
about 97°. Spread that paste, with the help 
of a rule, over a marble or cast iron table, 
which is kept warm by means of a water bath 
placed under it. Benew that paste by succes- 
sive additions every time you^ impregnate the 
matches. 

When gum is used, the operation on the 
table must be performed while cold, in which 
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case the gum is dissolTed beforehand in water, 
80 as to have a convenient provision. This 
BolAtion thus prepared is used and weighed 
accordbg to the di£forent formula. 

Pot the gummy solution into the copper 
kettle (Fig. 8) ; heat it to 212^ over a water 
bath ; take out the kettle, fix it on the table 
(Fig. 9); put the phosphorus into it by degrees. 
It stays in the bottom A^. Beat well in emul- 
sion till cold. This operation lasts about Ij^ 
hour for 7 pounds of phosphorus. 

That paste is used like the glue, with the 
exception that the table is kept cold. 

When the matches have been saturated with 
the paste, the frames are put vertically, so as 
to dry in the airr 

After two or three hours, carry the frames 
and place them in the oven. When glue is 
used, the desiccation is completed in one or two 
hours ; with gum it requires 24 hours. This 
last preparation is the most costly. 

The oven must be of incombustible materials, 
heated gradually and regularly by pipes dis- 
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posed in the surrounding earth. Steam or 
water heated by a boiler outside circulates in 
these pipes. 

To avoid having a general conflagration, in 
case of fire, separate the upright posts which 
support the frames by vertical plates of sheet 
iron. 

It is desirable to keep on the floor a bed of 
sand, 4 to 6 inches thick, to avoid setting fire 
to the matches in walking on them, or when 
they are on fire, that they. may be covered im- 
mediately. 

When the desiccation is completed, withdraw 
the frames, and carry them into a room in 
which they are dismounted. The women who 
perform that operation must 'always have near 
them boxes full of sawdust, into which to dip 
the matches which may accidentally take fire. 

In some of the following chapters we shall 
treat of the difierent precautions to be taken 
to avoid fire, and to prevent the accumulation 
of vapors in the rooms. 
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CHAPTER XIL 

KATCHBS WITHOUT SULPHUR. 

To maDtifactare such matches the wood is 
prepared like other matches, only it should 
be very dry, particularly at the end of the 
operation. 

When the matches have stayed in the frame, 
they are laid on cast iron plates, and heated 
to the point to acquire at their extremity 
a slightly brown color; these same ends, 
being very dry, are put, for a few seconds 
only, on the flat bottom of a dish, covered with 
from ^ to ^ an inch of stearic acid, melted by 
a water bath. A small quantity of the grease 
is absorbed by the wood, and ascends through 
the fibre. The end of the match is covered 
as usual with the phosphorous paste thus 
formed:— 



n 
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Fhosphonu 


3 parti 


Qnm • • • • 


0.6 " 


Water 


. . 3 


Sand • • . . 


2 « 


Bi-ozid« of Lead • 


2 «* 


Coloring Hatter . 


0.5 « 



The stearic acid can be substitated by par- 
affine, spermaceti, wax, etc. 

Matches with stearic acid produce light and 
fire more rapidly when wanted, the grease 
and the wood burning simultaneously, whilst 
with sulphuretted matches it is necessary to 
wait till all the sulphur has burned superficially 
before the wood begins to inflame. These 
last matches in burning exhale a disagreeable 
odor, whilst the formar giye a very slight 
smell of stearic candles. 

There is but a trifling difference in the cost, 
for ten times as much sulphur is required as 
stearic acid. Indeed 1 pound of stearic acid 
costs at the most 27 cents, and 10 pounds of 
refined sulphur cost about the same. This 
improYcment is of real importance. 

We have examined the matches called Dia- 
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mond State Parlor Matches, prepared by 
Messrs. Swift and Courtney, Wilmington, Del. 

They are prepared as the aboye without any 
coloring matter, and they are, in our opinioUi 
far superior to the German matches. 

Mr. James R Dey, 66 Cortland St., N. Y., 
prepares also the diamond matches, and the 
water-proof Vienna and Strella match, which 
realize as much as the German matches, and 
are of superior quality. 

The matches we have indicated in the pre- 
paratton above are colored blue, red, yellow, 
or green by adding 0.5 of the coloring matter 
in the mixture, and they are rendered water* 
proof and shining by coating them with the 
varnish of which we have indicated the com- 
position; but in our opinion, the diamond 
matches owe their superiority to this fact, that 
they do not receive any coating of varnish. 
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CHAPTER XIIL 

CANDLB HATOHBS. 

This kind of matches, invented by Messrs. 
Savaresse and Merckel in 1886, and improved 
in 1849, is prepared with a machine similar to 
a weaving loom, carrying a chain disposed for 
the weaving. Every wick of the match is 
composed of pieces of cotton, not twisted, and 
represents one thread of the chain, and 100 or 
200 of these wicks rolled on a cylinder, and 
separated by a comb ; pass through a bath of 
melted wax; they are drawn in a drawing 
frame which renders the wax smooth, cylin- 
drical, and adhering around the wicks. A 
mechanical knife cuts, at one time, all the 
wicks according to the determined length, from 
1 to 1| inch.' The end of each match has 
the wax taken off, and the paste applied to it, 
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30 at a time. They are dried and put into 
boxes. 

These candle matches are ignited by friction. 
They give immediately a fine light, which lasts 
one or two minutes, that is, four or eight times 
as long as the wooden matches. 

The phosphoric mastic ought to be easily 
inflammable; for the cotton and the wax 
not haying the solidity of the wooden matches, 
cannot resist powerful friction as well. 

The paste is thus formed : — 

Ordinary Phosphoms 12 parts 

Oqxq 14 *' 

Bolphnret of AnUmony . . . 3 " 
Minfam . 35 ^ 

«. _. * .:. ^, Ue or bi-ox. lead . 36 " 
'NitrioAdd . 21/ 

VeimUion , . . 0.1 " 



We shall say but a few words of the tinder 
and paper match. A large sheet of tinder is 
cut into small squares, and at the end of each 
square is applied a little of the phosphoric 
mastic. To light them they are inflamed on a 
rubber prepared of paste-board, on which is 
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applied a ooating of glae and powdered glass, 
or emery. 

The paper match consists of filtering paper, 
which has been macerated two or three hours 
in a solution of nitre, and when perfectly dried, 
it is cnt into small bands, which are doubled, 
and at the end of each is applied some phos- 
phoric mastic. 
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CHAPTER XIV. 

HATCHES OF AH0RPH0U8 FHOSFHOBUS. 

These new matches can be prepared with 
gnm or glue. In the first case, dispose before- 
hand a mixtare of equal parts of gum arabic 
and water, so as to have a yiscous solution. 

In 2 ounces of that solution mix 1} ounce 
of finely divided chlorate of potash, add the 
same quantity of powdered amorphous phos- 
phorus, and 6^ drachms of powdered glass. 
This mixture is spread on a hollow marble 
about 1^ to 2 inches thick, so as to form a 
coating about 1 inch thick, which is kept at 
the same height, by adding some of the paste 
from time to time. Dip into it the end of the 
matches, which should have been sulphuretted 
beforehand. 

If instead of gum you use gelatin, which ad- 
7 
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beres more strongly, and resists atmospheric 
influences better, take jiice wbite gelatin, and let 
it macerate from two to foar hours in twice its 
weight of water, and afterwards dissolve it 
over a water-bath heated to 122^ for about 20 
minutes. To 76 parts of that solution, add 
40 parts of chlorate of potash in powder, 40 
parts of amorphous phosphorus, and 20 parts 
of powdered glass. The mixture is spread on 
a marble, the temperature of which is kept at 
105^ by steam produced by a water-bath. 
Pour it on to the sulphuretted end of the match, 
and dry as usual.''^ 

Some of these matches take fire only on being 
struck on a particular kind of rubber. Their 
paste is thus prepared : — 



AmoiphoTiB Phosphorafl 


. 6 parts 


Salphnret of Antimon/ 


. 2 to 3 " 


GllM 


. 1 part 



* Am<^lioiu phoephoras ooating two dollars a pound, 
instead of ninety oents, the price of the ordinary phos- 
phoms, renders these matches a little more costly, bat 
they are not dangerous nor venomons. 
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The mbber is prepared by laying over one 
side of a paste-board the following bompo- 
aitioQ : — 



AmorphoiiB Phosphorm 


. 10 pftrta 




. 8 " 


OllM 


. 3 to 6 " 



All those compositions mast be well mixed, 
carefully avoiding pulverizing the chlorate of 
potash with the combustible substances. 
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CHAPTER XV. 



KATCHBS AND BUBBXB8 WITHOUT PH0BPH0BU8. 



Wx give below the different compositions 
used to prepare these matches : — 



Chlorate of Potash 


5 parte 


6 parte 


6 parte 


Oxj-anlpharet of Antimony . 


i " 


u u 


u « 


Binozlde of Lead . 


3 " 


M « 


I* M 


Onm .... 


. 2 " 


2 " 


2 « 


Water .... 


• 8 " 


8 " 


8 ♦* 


Sulphur 


u c< 


i " 


»• li 


C janide of Load . 


U <f 


2 " 


(1 M 


Glasi .... 


M M 


M CI 


3 " 


Bichromate of Potash 


W l( 


CI «< 


2 " 



The following is very good : — 

Chlorate of Potesh 28} parte 

Glue 5| «< 

Bichromate of Potesh 3 <* 

Nitrate of Load 2| <« 

Powdered Glass 10} «* 

Sulphur 85 << 
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These oompositions applied to different kinds 
of wooden matches, take fire when they are 
rubbed on the ordinary rubbers, made with 
powdered sand, or glass and glue. 

There are some other kinds which require a 
particular rubber: — 

Compoeitton for the MftUih. Compodtioii for tlio Bnbb«r. 

Chlorate of Potashi 7} parts. Chlorate of Potash, 6 parts, 

nitrate of Lead, 2| parts. fiOags, 1 part. 

Biohiom. of Potash, 2} parts* Bmeiy, 1 part. 

Sulphur, 1} part. lHiiiqin, 1 part. 

Gum, 6i parts. Glue, q. s. 
Water, 18 parts* 

The glue must lie in sufficient quantity to 
make a paste which will adhere to wood, etc. 

Some new matches without phosphorus, in- 
flammable by rubbing on a small grate^ are 
made now by dividing into two parts the paste 
prepared in the following proportions : — 

Chlorate of Potash 5 parts 

Biohromate of Potash 2 <* 

Powdered Glass 6 " 

Gum 15 " 

Water 6 " 
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The first three sabstanoes are powdered to* 
gether, and mixed afterwards with the gam 
prQvionaly dissolved in water. Half of this 
compound, dilated with a solution sufficiently 
adhesive^ is used to ooTcr the rubbing surface 
by adding to it 0.2 of its weight of emery. 

If to the aboye mixture 0.8 of red sulphur* 
etted antimony is added, you can make matches 
which win ignite by rubbing them on any 
polished or rough snr&oe. 
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CHAPTER Xyi. 

KSW MATCHES GALLED SAFETY HATCHES. 

Lately new matches have been prepared 
by Messrs. Vaudaax and Poignon, which are 
free from white phosphorus, are without dan- 
ger of poisoning, and diminish the chances of 
fire. The following is the composition of the 
chemical mastic: — 

GUorate of Potash 90parU 

Biohramate of Potash . . . . . 46 <* 

BioozideofLead 26 « 

Minima 20 «< 

Ozj-sulphnret of Antimony . . . . 20 *' 

Snlphnret of AntimoDj . . . . . 16 ^^ 

Glass 16 «* 

Prnssiate of Potash 6 " 

All these substances, reduced to fine powder, 
are mixed together b)[ adding to them 15 parts 
of gum preyiously dissolved in 56 of water. 
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It ifl sufficient to saturate the eud of the 
match, and dry it as usual. 

These matches take fire with more difficulty 
than the matches with white phosphorus, and 
are not so dangerous, particularly in the hands 
of children. 

The following composition is better, for it 
will not ignite without the use of a special 
rubber: — 

Chlorate of Potssli 26 parts 

Binozide of Lead or Manganese . • • 25 ** 

BiohromateofPoUsb . . . . . 20 <• 

C janide of Lead 20 <" 

Ozj-aalphnret of Antimon j • . • . 20 " 

Glass 4 << 

These substances are mixed together with a 
solution of 6 of gum in 20 of water. A paste 
is made, into which the sulphuretted end of 
the match is dipped. 

The special rubber is prepared with pow- 
dered sulphuret of antimony, mixed with a 
hot solution of glue, and spread on a piece of 
paste-board. 

Mr. Bombes has invented a new match 
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tehicli be oallfl androgyne^ prepared in the fol* 
lowing manner: — 

The wood is cot into little cubic blocks, 
containing 800 or 400 matches not separated; 
they are snlphnretted as nsnal, and the sul- 
phuretted ends are dipped into a paste com- 
posed of. — 

Chlorate of Potash 2 parte 

Charcoal 1 part 

Tom Umbra 1 ^ 

These three substances are pulverized sepa- 
rately, and then mixed with a viscous solu- 
tion of glue kept warm, during the dipping, 
with a water-bath. When they are dried, or 
rather before the dipping, saturate the face of 
the block, which reunite the matches with a 
paste of amorphous phosphorus diluted in a 
solution of warm glue ; and it is not until after 
this operation that the matches are separated. 

To ignite one of these matches, break it into 
two unequal pieces, having in one hand the 
shorter piece ; bear up the end covered with 
'the chlorate paste on the end, saturated with 
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the phosphoretted plastering; rab. A little 
deflagration takes place, the sulphuretted end 
taikef fire immediately, and communicates it 
to the wood. 

Below we give the report of Mr. Chevreul 
on that kind of match. This report was read 
before the Academy of Science of Paria 

BXAMIKATION OF THS AkDBOOTKE SaFITT 

Matches. 

The matches of the Brothers Coignet are 
essentially formed : 1st, of a paste of chlorate 
of potash, sulphuret of antimony, and a gluti- 
nous substance applied to the sulphuretted end 
of the match; 2d, a rubber or grate covered 
with a thin coating of glutinous matter and 
amorphous phosphorus rendered rough by 
powdered glass. 

A light friction of the priming of the match 
against the rubber is sufficient to ignite the 
match. 

The androgyne match differs only from the 
hygienic match in this, that the amorphous 
phosphorus has been applied to .the end of the- 



SAFSTT MAT0H88. 107 

tDatoh, which is not sulphuretted, instead of on 
a special rubber. It has then this advantagei 
that the match carries with it all that is re- 
quisite in producing the fire. Indeed, it is 
sufficient to rub one part of the match against 
the other. 

The androgyne match, for hygiene, presents 
the same adyantage in its use as the match of 
Coignet ; and, it seems preferable to it as it is, 
in not necessitating the use of a separate rub- 
ber, which is important, as it has been remarked 
that a box of Coignet's contains more matches 
than can be ignited on the rubber annexed to 
the box, because the phosphorus of this rubber 
is much injured before all the matches are used. 

For hygienic reasons, they both have a real 
adyantage oyer the matches of white phospho- 
rus, the use of which is not desirable in any 
•matches intended for domestic purposes. 

Examination of Mb. Oanouil's Matches 

WITHOUT PhOSPHOBUS AND PoiSON. 

The matches prepared by Mr. Oanouil Ire 
not deleterious, and haye the adyantage of 
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those of Coignet of containing neither white 
nor amorphons phosphorus. 

The substances employed by Mr. Canouil are 
principally the chlorate of potash, the sulphuret 
of antimony, minium or another metallic oxide, 
gum, dextrine, or gelatine. This composition 
is similar to that of Coignet, but the substance 
applied on the rubber of Mr. Canouil's contains 
no red phosphorus nor deliquescent matter, 
and keeps as long as it adheres to the rubber. 

The matches of Mr. Canouil require a rub- 
ber, but the rubbing must be stronger than 
is necessary with those of Mr. Coignet with 
amorphous phosphoruS; and it is an unquestion* 
able fact that children cannot light the matches 
of Mr. Canouil, while they can do so easily 
those of Mr. Coignet and the Androgyne. 
The amorphous phosphorus is prepared with- 
out danger to the health of the workmen, and 
the rubber, as prepared now, can be used to 
light a quantity of matches double that con- 
tained in the box. 
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Conclusions. 

let For hygiene the androgyne matches 
have over ordinary matches the advantage of 
the matches of Mr. Coignet, of which the active 
and chemical principle of the mbber is the 
amorphous phosphorus. 

2d. The matches without phosphorus or 
poison are without danger to the workmen 
employed in making them, and are good in 
use. We recommend their use. 
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CHAPTER XVIL 



YABIOUS FOBMUL JE. 



I. 



Take- 






Gum Arabio 


• , 


16 parts. 


Phosphorus 


• 1 


9 « 


Nitre 


• • 


14 « 


Vermilion or 


binox. 




Manganese 


• • 


16 « 


Water . 


• • 
n. 


q.8. 


Take- 






Glue 




6 parts 


Phosphorus 




4 " 


Nitre 




. 10 « 


Minium . 




5 « 


Smalt 




2 « 


Water . 




. q.8. 



YABIOirS FORMULA 




in. 


• 


Take- 






Phosphorus 


• 


. 17 parts 


Glue 


• 


. 21 " 


Bed Lead 


• 


, 24 « 


Nitre 


• 

IV. 


. 88 " 


Take- 






Gum Arabic 


• 


. 7 parts. 


Phosphoraa 


• 


. 4 •• 


Gelatine 


• 


. 2 " 


Chlorate of Potash 


. 2 " 
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y. 

Put 4 parts of phosphorus into a wide 
mouthed phial, with enough oil of turpentine 
to cover it; add 1 part of flowers of sulphur 
and put the phial in hot water until the phos* 
phorus is melted, then cork and shake until 
cold, when any supernatant spirit of turpentine 
mast be poured o£ Into this pulpy mass the 
extremities of the matches are dipped, and 
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when dry, they are dipped again into the fol- 
lowing mixture : — 

Gum Arabic . '. 8 parts. 
Chlorate of Potash . 2 " 
Soot, Lampblack, Ver- 
milion . . • 1 part 
Dry cautiously. 

All these formulae can be varied indefinitely, 
but we would recommend the above as the 
best and the surest. 
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CHAPTER XVIIL 

DAKGEBS— ACCIDENTS— DISKASKS IN THE 
FABRICATION. 

The enameratioQ alone of the accidents 
which take place in the fabrication of matches, 
their transport, or their domestic nse would 
require a volume. We shall direct attention 
only to the causes to which those accidents 
can be assigned, and we shall give bat a few 
examples. 

1. Fires. 

The danger of fire is the one which earliest 
occupied public attention on the appearancei 
of this new branch of industry; and these 
fears have not been chimerical, for in every 
country dreadful examples have justified the 
distrust of the people, and rigorous measures 
8 
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bare been taken by the seyeral goyeramentg, 
and tbeir fabricatian has eyen been prohibited 
in some oonntriea. 

The English papers haye giyen acconnts of 
a yiolent fire which took place in London, in 
a mannfactory of matches in Widegate Street, 
seyeral houses were burnt, and seyen persons 
k)st their liyes. 

Eacplomiowi. — ^The explomon of the chemical 
masUc, before its application to the match, can 
present accidents as dreadfnl as the aboye, bol 
happily tbey are now rare, thanks to the im- 
proyements which haye been introduced in the 
process of fabrication. 

In the beginning of the preparation of fric- 
tion matches, the snlphur nsed to be melted 
with the phosphorus. This was the cause of 
yiolent explosions; not only the two bodies 
in contact combined to form sulphide of 
phosphorus, but the water is decomposed, and 
forms different gaseous products, which giye 
place to dreadful explosions. This was, pro- 
bably, the cause of the destruction of a factory 
near Paris; a yiolent explosion took place in 
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the room where the dippers were working, the 
tables were broken to pieoes, and the wall fell 
down. 

The danger of the introduction of flowers of 
sulphur into the vessels in which the phos- 
phorus is dissolved, struck Mr. Chevalier so 
forcibly, that he proposed, as late as 1840, to 
prohibit the manu&oturing of matches with 
sulphide of phosphorus. 

Not only the mixture of sulphur with phos* 
phorus, but also the mixture of phosphorus 
with chlorate of potash, before the perfect 
division of these two substances in the gluti* 
nous solution, have been the cause of dangerous 
explosions, before the manufacturers dissolved 
those two bodies separately. 

The imprudence of the men who work the 
mastic has been the cause of many accidents. 
ThuS| when the dipper leaves the mastic to 
run, spread, and dry aroUnd the table he works 
on, the least friction will break the tablo to 
pieces. A drop of the mastic falling on the 
kettle of the dipper to the sulphur also pro* 
duces violent explosions. 
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2. accidknts during the transport of 
Matches. 

FrictioD matches give rise to accidents, not 
so grave as the above, it is trae ; but their num- 
bers are incalcnlable. To give a jost idea of 
the number of accidents, and the fear of them, 
it is sufficient to say, that in Europe insurance 
companies refuse to insure express companies 
which carry matches. 

Fire takes ^place very often in packages or 
boxes, contained in large boxes or barrels sent 
by freight, without communicating fire to 
other packages. Several manufacturers have 
given us a proof of it, by throwing on the floor 
packages of matches surrounded by a strong 
paper; we heard a crepitation indicating that 
the matches were taking fire, the pap^ was 
slightly burned, but, however, the flame was 
not visible outside. The want of air was the 
only obstacle to the combustion. 

Sometimes the explosion of the mastic which 
surrounds the heads is so violent that, notwith- 
standing the thickest envelops, the flames pass 
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tbroagh. Once, at Marseilles, the movement of 
a wagon containing 700 packages of matchesi 
in passing up a high street, was cause sni&cient 
for igniting the matches,, which was, accom- 
panied by a strong explosion. 

Similar accidents have occurred on railroads. 
Once, on the railroad from Vienna to Brunn, a 
car containing 12 barrels of matches took fire 
and was burned with two other cars. The loss 
was estimated at about $15,000. 

8. Accidents occasioned in the obdinart 
Use of Matches. 

There are few persons who have not wit- 
nessed some accidents occasioned by the ex- 
plosion of a box or bundles of matches. These 
accidents are often without importance, but 
sometimes they have serious effects. 

The examples of burns, particularly in the 
face, produced by the explosion of a match 
and the projection of a fragment of the incan- 
descent mass, were very frequent a few years 
ago. Several cases were recorded, in which 
the eyesight was lost by this cause. Happily, 
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since the great improvement introdaced in 
this fabrioatioQ, these accidents are rare. 

Children have been repeatedly the vio- 
tims of their inexperience in the handling of 
matches. Without speaking of light burns, 
which we have often observed, we have seen 
accidents serious enough to produce death. 

The too great sensibility of matches is the 
principal cause of these last accidents, the same 
that their too great exphsibility is the ordinary 
cause of the burns in the face and eyes. This 
sensibility is such, that we have seen packages 
of matches take fire in the hands without 
knowing how it happens. 

Burns produced by matches do not present 
any particularity. 

4. DiSSABBS PBODUOBD IK THE FaBRIOATIOK.* 

By examining the accidents which destroyed 
the health of the workmen ; by inquiring which 

* Pdnoir BT Phoipbobub. — A oorrespondent of the Eve- 
^ng Poit desoiibet the ease of a young girl, engag^ in a 
friotion match liMtoij in New York, who having a tooth 
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are, in the fabrioation of matoheSi (he partionlar 
conditions capable of exercising a deleteriooa 
inflaence on the eoooomy, we are led to attack 
the greatest importance to the emanation of 
the Tapors containing phosphornSi which con- 
tinually exhale, with a variable abandancoi 
in all the rooms in which the mastic is worked, 
or matches are present already saturated with 
mastic. 

It is necessary to examine the two following 
questions, viz: — 

•xtrmoted, wu poiBoned bj IIm famet «f plioflplionu wliicli 
•nteiied tlia eaviiy. Diseaae called mctom wu inditoed, 
which extended to either side of the Jaw-bone, points oC 
discharge aeon appearing apon the uuUoe of the ikin. 
This went on for two yean, minor operations being made 
at Umea, to takelaway diieaBed portioni of bone. At the 
end o{ these two years it was fomnd neeessary to rasort 
to an extreme operation, and It was completed on Sunday, 
Uarah IMh, at St. Vlneent*s HcspitaL The entin Jaw- 
bone, from side to side, was removed, and the tongno 
fastened down to present snjfocation, nntll such times as 
the part shoald heaL This young glri is now teiribly 
deformed, can take only liquids hereafter f<Nr sabslstenoe 
—all the beauty of life destroyed to her. Twelro such 
\ have oeoorrad within the last fow yean. 
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Ist. Which are those parts of the work whick 
expose the workmen to the phosphoric ema- 
nations ? 

2cr. What are the nature and chemical com- 
position of these emanations ? 

Operaiums which eapoee to the PhospJiorous 
Smanaiidns. — We hare seen that all the 
wooden work, the making of boxes are gene- 
rally completed outside of the factory; The 
operators are consequently strangers to the 
questions of hygiene and pathology, and as 
they occupy about half of the men employed 
in this fabrication, it results that half of the 
total number are out of the conditions of insa* 
lubrity of this kind of manufacture. 

Inside of the factory, by allowing separate 
rooms fbr erery operation, five-sixths of the 
men escape the influence of the noxious yapors. 
Thus, the filling of the presses, which takes 
four-fifths of the women, can be made in special 
rooms. 

We hare now to examine the room in which 
the mastic is made^the one in which they dip» 
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the oven, and at last, the disTnounting of the 
presdes, and the packing or boxing. 

The atmosphere of these rooms is more or 
less intensely altered by the vapors proceeding 
either from the paste intended for the dipping, 
or by the packs of matches already saturated 
with the chemical mastic. 

The grinding of the substances, and the pre- 
paration of the mastic do not require a con- 
tinual attendance. One man can work it ; be- 
sides, these operations are done in the open air, 
and it is about the same for the oven, near which 
the men do not remain. It is not the same 
for thS dipping shop, and principally the rooms 
occupied by the women who dismount the 
presses, and those who box or pack the 
matches. 

A stranger, who enters this part of the fac- 
tory, is struck by the emanations which exhale. 
The air is often thick, principally in the room 
where the presses are dismounted, and if he 
remains for some time, he begins to cough. 
After a certain time, the system becomes ac- 
customed to .that particular atmosphere; and. 
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nearly all the women coagh only daring damp 
weather, and principally when the air ia not 
renewed, the Tapors accamulating, and be- 
coming too thick. 

Nature and Campositian qf ike Vapors tohtck 
txhaU in the Manufacture of Matches. — ^The air 
of the rooms has not been analysed yet, and 
theory alone can guide us. If we examine one 
afler the other, each of the substances which 
enter in the composition of the mastic, if we 
put aside the sulphur which plays no part, we 
find phosphorus alone which can change the 
atmosphere. We have demonstrated (Chap. I.) 
the facility with which phosphorus absorbs the 
oxygen of the air. At the ordinary tempera* 
ture, the action of the air, principally damp, 
on phosphorus is very appreciable. If the air 
is dry and the temperature low, the action is but 
slightly perceptible ; but, if damp, we see the 
phosphorus immediately surrounded by a light 
white cloud. These vapors are called hyp<h 
phosphoric acid. 

In aerated water exposed to the light, phoa- 
phoras gives phosphorous add^ and hydrogen 
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proto-phosphuretted, prodnoed by the decotn- 
position of water, and there is not the least 
doabt that in the rooms some phosphnretted 
hydrogen is mixed with the hypophosphorio 
acid. 

Another interesting question is, to know if 
phosphorus itself exists in a gaseous state in 
the atmosphere of the factory. Some chemists 
admit its existence. M. P. Thenard does not 
believe that the slow combustion of the phos- 
phorus in the air is perfect, and he thinks that 
there is much vapor carried away at the state 
of phosphorus. The following facts demon- 
Btrate this theory : 1st. If a piece of phospho- 
rus is introduced for a few minutes into ni- 
trogen, hydrogen, carbonic acid, etc., then taken 
out, and a little air introduced into the gas, it 
becomes luminous in obscurity ; 2d. If we sus* 
pend to a thread a piece of phosphoruSi and 
we introduce it into a bottle and leave it in 
for a few minutes, the bottle stays luminous 
for some time, while containing a large quantity 
of oxygen. Thus phosphorus, while cold, emits 
vapors in gases, and this vapor is not instanta- 
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Deoasly burned by the air. It is very pro- 
bable that in the factories the workmen breathe 
vapor of phosphoras mixed with hypophos- 
phoric acid. 

Let us examine now briefly the effects of 
these emanations on the health of the men. 

The diseases are, 1st, more or less aggravated 
inflammation of the bronchtce; 2d, aUeratima of 
the teeth and maxillary banes, etc. 

Ist. Brortchitis. — Coughing is the most fre- 
quent pathological phenomenon in the shops, 
but it is rare that the inflammation becomes 
great 

2d. Diseases of ike Jaws. — It is not long since 
this disease has appeared amongst the men 
working in match factories. Dr. Strohl has 
pointed out in the following terms, the causes 
of this disease : — 

**The vapors of phosphorus are transformed 
by its contact with oxygen into hypophos- 
phoric acid, and this acid mixed with the air 
is dissolved in the saliva, and forms phosphoric 
acid. Often this latter acid is produced by 
the combustion of the phosphorus, for it some- 
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times occurs that the vessel in which the mass is 
heated, takes fire. This substance renders the 
saliva acid. We know the dissolving action of 
this acid ; the gums are softened by the saliva, 
the liquid acid attacks the teeth, filters between 
them and the soft parts, reaches as far as the 
alveolus, and there exercises its dissolving and 
corroding action. 

This theory has not been admitted by all 
physicians, for the reason that if the theory 
were correct it would seem that the teeth 
would be invariably in a bad state, and it hatf 
been observed that in the same room, while 
one man has all his teeth destroyed, another 
working near him has them in perfect order. 

It would be interesting and important, as 
well for science as on the score of humanity, to 
discover and point out the real causes of these 
diseases, and the proper mode of treating and 
curing them. 
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CHAPTER XIX. 

RBFOBMS IN THB FABBICATIOK OF XATCHX8. 

Thkse measnrefl of reform (nnbappily those 
measures have not been taken yet in factories 
in this conntry) embrace, not only all the parts 
of the fabrication of matches, bat also thd cart- 
age and the sale of these products. Their object 
is to prevent all accidents, and to look to the 
maintaining of the salubrity of the factories. Yfe 
shall divide this matter under three heads: — 

Ist The fabrication. 

2d. The transport and sale. 

8d. The salubrity of the shops, 

1. Fabrication. 

Ist. Preparation of the Mastic. — Notwith- 
standing the progress made in the fabrication 
' of the mastic, it is important to require two 
capital precautions which have been indicated 
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by Mr. Payen. The first oonBista in completely 
excluding the solphar from the aubetances 
which enter into the composition of this mastia' 
The second consists in always dividing the 
phosphorus while alone, and mix it with the 
other substances when they are perfectly 
ground, and that the mixture is conveniently 
cooled. The precautions to be taken, we have 
indicated. 

After taking measures against the too great 
eaplo$ibilUy of the mastic, it would be useful to 
provide against its too great sensSnlity. Mr. 
Malbec has invented an apparatus for deter- 
mining with precision the degree of sensibility 
of the paste. This apparatus consists in a 
vessel conveniently disposed, and containing 
mercury, heated over a water bath, at about 
186^. It is at this temperature that the paste 
ought to be tried. Saturate with it the end of 
a match, and dip it into the mercury; if it 
takes fire, it is a sign that it is too sensible ; 
then increase the quantity of the substances, 
the object of which is to divide the molecules 
of pfl^sphorus. 
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2d. Dipping into the Mastic. — ^It is desirable 
for a manufacturer not to use marble tables, 
but to operate on stone tables, or in a copper 
trough with a fiat bottom, as in the manufao* 
ture of Mr. Malbec. 

Sd. Oven. — Mr. Payen has indicated several 
new features in the disposition of the ovens 
for drying matches. The floor must be co- 
vered with a bed of sand, about three inches 
thick, and an apparatus for ventilation ought, to 
be established in the oven. The frames must be^ 
in iron, and the wood destined to be transformed 
into matches must not be kept in this oven. 

4th. Trtmspcriatumfrom the Oven to UieShop. — 
This must be done in extinguishers of galva- 
nized iron. 

5th. Putting up into Packages. — Facts have 
shown that it is dangerous to keep matches in 
packages, the only preventive of this danger 
is to prohibit the sale of matches in mass, and 
to oblige the manufacturer to put in boxes the 
product of the fabrication of every day. 

6th. Precautions against Fire. — Every factory 
should be provided with a good fire engine. 
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2. Tbansfobt. 

The safest mode of transportiDg matches 
consists in having them in boxes containing not 
more than 100. Boxes of wood would be pre- 
ferable to paper, and we have advised for some 
time packing them in large sheet iron boxes. 
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CHAPTER Xi 

CONEXTBUOTION OF TBI FACTOBT. 

Thi oomplefte separaiion of Ibe rooms is tbo 
rathd point io Ibe consinx^ion of a match 
fiwtory. It IB not odIj an indispensable eon- 
ditioSi in order to giye to tbe sbope ibe dispo- 

ntions neeessary for tbe beakb of tbe men, bot 

# 

H is also an important precantion against fire 
and explosions. 

It is necessary, not od)j to estaUisb a sepa- 
rate sbop for eacb operation, bat also to adopt 
oertain mles in tbe position of eacb sbop, its 
constmction, eta etc. Tbis will be better nn- 
derstood by tbe following diagram, wbiob in- 
dicates all tbe dispositions to be taken to 
decrease tbe dangers and inconTenienoes of 
tbis fabrication. 

1st. Tbe grinding of tbe sabstanoes, and tbe 
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ffeparationof the mastic mast be done in a little 
apartment F^ oompoeed of a single room oa 
the first floor, and isolated all round. 



Fig* 10. 



noon 
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2d. The sulphuration and the dipping itUo (he 
mastic are done together in a room (7, equally 
isolated, longer than the above. The roof will 
be half open all the time for the escape of the 
vapors, and that the air maj be continually 
renewed. 
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8d. The oven occupies a building 27, also 
isolated. All the materials of this room are of 
iron, and it must always have passing through 
it a current of dry air. 

4th. Laying and taking dawn of the Presses; 
Boxing. — The most important rooms are those 
of the laying of the presses, taking down, and 
the boxing. These three operations occupy 
many hands. The first operation not exposing 
the operatives to the phosphorous emanations, 
it is only necessary to keep them separate. 
The two other being very noxious, the shop 
must be in the most advantageous condition. A 
building alone, E^ is disposed in the following 
manner: — 

This building has two stories, and is isolated. 
In the first floor the presses are laid. The up* 
per part has no communication with the room 
below, but presents a single room, and the 
roof is pierced with several windows, which 
are opened at will to let the ndxious vapors 
escape. 

The sicft rooms^ habitation buildings are iso- 
lated, as represented in H. The form and di- 
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mensions of this building may be arranged 
according to tbe taste of the manufacturer. 

By following the aboye dispositions, great 
adyantage will be realized ; and, if to them we 
add the construction of a wall B^ about 6 feet 
high, surrounding all the buildings, we see 
that match factories will be relieyed of the in* 
couyeniences of being near to a public thorough- 
fare. 

We are -certain that this plan will present 
but little difficulty in its realization, and we 
hope that hygienists will be satisfied with its 
disposition. 

The fietbtication of matches, though com- 
menced seyeral years since, is still in its in- 
fancy. 

Unhappily the sayants haye attached but 
little importance to this kind of manufacture, 
and it is only since the learned report of Mr. 
Gheyreul that scientific bodies haye giyen 
their attention to it. Let us hope that, before 
long, a match will be discoyered, haying all 
the properties of ordinary matches without 
their inconyeniences. 
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CHAPTER XXL 

mSTOBT— XTLOIDIKB XSV FTBOXTLINS— PBO- 
PXSTII8 XBD COMPOSinOK. 

HiSTOBT. 

In tbe ootirae of 1888| a well known French 
chemist, Braconnot, haying diflBolved starch 
and some other organic matters in nitric acid, 
obtained by precipitating the dissolation bj 
water, a new substance that he called XybUine. 
This substance was remarkable for its quick 
inflammability, but it did not fulminate with as 
much energy as gun cotton, and it left a residue 
of charcoal. 

Fiye years after the publication of the re* 
searches of Braoonnot, Mr. Pelouze, in an in* 
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terestiDg paper, annoanced the discoyerj of a 
more simple and economical process to obtain 
the Xyloidine. This process consisted in sub- 
stituting for the dissolution of the starch, the 
pure and simple impregnation of the paper, 
cotton, flax, etc. by concentrated nitric acid. 
Besides, Mr. Pelonze announced to the Acad- 
emy of Sciences, that Xyloidine resulted from 
the union of the elemei;^ of nitric acid with 
those of starch, and. explained by this decom- 
position, the excessive combustibility that he 
found in this substance. 

We shall see, hereafter, if it was really the 
Xyloidine of Braconnot that Pelouze obtained. 

For eight years the researches of the above 
chemists seem to have been forgotten, when in 
September, 1846, a great stir was made con- 
cerning a new discovery of Mr. Schoenbein, a 
Swiss chemist, who announced the transform- 
ation of the cotton into an explosive substance 
of a power superior to that of ordinary pow- 
der. Mr. Dumas was informed of this invent 
tion by a letter from the author, who appeared 
anxious to keep his process secret. But the 
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opinion of Mr. Damas was, that this invention 
was connected, without doubt, with the history 
of the Xyloidine of Braconnot and Peloaze. 
From that time, chemists made extensive re- 
searches upon this subject. Different recipes 
for preparing the fulminating cotton or gun 
cotton were published in Germany. In October 
of the same year, Mr. Dumas communicated td 
the Academy of Sciences the processes of 
Messrs. Otto, Dr. Enopp, Dr. Bley, etc. It re^ 
salted from the experiment of those chemists, 
that fuming nitric acid had the property of 
rendering explosive not only cotton, but also 
shavings and sawdust. 

As we see, the German recipes were nothing 
more than Pelouze's process to prepare the 
Xyloidine. This latter chemist had only to 
prepare cotton and paper, as he had done eight 
years before, and introduce 1} grain of this 
matter into a pistol, to obtain an explosive 
effect, such, that a board 9 inches thick waa 
pierced by a bullet, at a distance of 76 feet 
Other essays made by MM. Prelat, Sequier, 
Lassaigne, etc., with different fire-arms, have 
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left no doubt on the balliatic properties of the 
nitric paper. 

Two important questions were to be resolred, 
one purely scientificy the other praotioaL Was 
the ezplosiye product obtained by Pelouze and 
the Qennan chemists, the Xyloidine of Braoon- 
not ? Was this product susceptible of being 
substituted for the ordinary powder? 

Nobody had thought to put the first question^ 
and Messrs. Flores Demonte, and Menard seem 
to be the first who have considered the dilEurence 
between the Xyloidine of Braconnot and the 
cellulose treated by nitric acid. As for Mr. 
Pelouze, who, with several other ohemistSy had 
not suspected the difierence between the two 
products, he soon ascertained that ligneous 
substances take a larger quantity of nitric acid 
than starch ; and he declared a short time after 
that the products were different in their pro- 
perties and composition; that is the reason 
why this chemist proposed to call pynwylt or 
pyraxyUne the product of the action of nitric 
acid on cotton, paper, and other ligneous mat- 
ter. He demonstrated in the following terms 
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tbe difference between this pradnct and the 
Xyloidine of Braconnot, obtained by preeipi- 
tating with water the nitric dissolution of starch 
and ligneous matters :-— 

*^ The Xyloidine," says Mr. PelonaBCi '*is very 
soluble in nitric acid, and this dissolution is 
destroyed in tweWe hours, the substance of 
Braconnot being then transformed into a delt- 
qnescent acid." 

^The pyrozyline is insoluble even in an ex- 
cess of nitric acid ; it can remain in for several 
days without disappearing, and without losing 
any of its weight The Xyloidine, while very 
inflammable and detonating by a shock, leares, 
when heated in a retort, a residue of charooaL*' 

«*The pyroxyline, heated at 847^ to 886% 
burns with violence, and its distillation in a 
retort is impossible." 

*^The Xyloidine has been analyzed with 
oxide of copper, as other organic substances, 
only the quantity of oxide of copper was in- 
creased." 

'* Pyroxyline, in the same circumstances, 
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barsts all the tabes, even by operating on rerj 
small quantities." 

Sucb are the properties. As for the com- 
position of the two sobstances, Mr. Peloaze 
adds : ^ I have concladed from my analysis, 
that the Xyloidine can be represented by one 
equivalent of starch, which has lost one equiv- 
alent of water, and gained one equivalent of 
nitric acid." 

To obtain the formula of the pyrozyline, Mr. 
Pelouze has chosen a specimen of cotton and 
paper, leaving very little ashes by incineration. 
He dried them at 248^, and submitted them to 
the action of the mono-hydrated nitric acid, or 
a mixture of this acid and concentrated sul- 
phuric acid. 

In ten experiments, which have lasted from 
10 minutes to 48 hours, the increase in weight 
has been the same, and ranges between 68 and 
70 per cent, of the dry matter. 

Admitting that the nitric cellulose is the 
only product which results from the pre- 
ceding reaction, the calcul indicates that it 
ought to result from the combination of two 
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equiyalents of monobydrated nitric acid, with 
one equivalent of cellalose, less one equivalent 
of water ; and it has for its formula 

CiaHjO^NO^flO 

or without hypothesis 

The composition corresponds to the follow- 
ing numbers : — 

Carbon 26.66 

Hjdrogen . . . . . . 3.70 ^ 

Oxygen 59.28 

Nitrogen 10.36 

100.00 

The formula of the Xyloidine, deduced from 
the analysis, gives the following numbers; — 

Carbon 34.80 

Hydrogen 4.34 

Oxygen 54.09 

Nitrogen 6.77 

100.00 

From the above, obtained, if not by direct 
analysis, at least by indirect means apparently 
unexceptionable, it results that when the amy* 
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laoeoos and ligneouB matters lose their solid 
state, and pass, one at the ordinary temperature, 
the other at a higher temperature, in disso* 
Intion in concentrated nitric acid, the compound 
or compounds which result from the action of 
water in such dissolutionSi essentially differ 
from the composition and properties of those 
which result from a simple impregnation of the 
cellulose. 

Since the researches of Mr. Pelouze, the 
chemical study of pyroxyline has made great 
progress. Messrs. Fordos and 6eliS| in the 
combustion of pyroxyline, haye announced 
the formation of bi-oxide of nitrogen and a 
<^anic compound. Mr. Dumas, in a learned 
paper, has announced the formation of several 
other products. He speaks thus: ^* Until now, 
the analysis of the fulminating cotton has not 
been made, some are engaged on it, and may 
be exposed to useless dangers. This analysis 
is easily made by using the apparatus of 
Messrs. Gay Lussac and Thenard, which they 
employed fifty years ago.'' 

*'The combustion tube, being heated by an 
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alcohol lamp, at from 892 to 572'', little par- 
oela of gun ootton thrown into it bnrn qnickl j 
without any clanger. 

*' It disengaged yapor of water, carbonic acid, 
oxide of carbon, nitrons vapors in large qnan* 
tities, and bi-oxide of nitrogen. The raw gas 
contains enough inflammable products to burn 
when a candle is near by. The color of the 
flame indicates compounds of the cyanogen." 

It is in this paper that Mr. Dumas has indi- 
cated the way to obtain a fulminating product 
with chlorate of potash. Cotton impregnated 
with this salt gives a fulminating product 
superior to the nitric cotton. 

On the occasion of the reading of this paper, 
Mr. Pelouze diflered from Mr. Dumas, in re- 
gard lio the effects that the gaseous products 
produce on fire-arms, of which we shall speak 
hereafter. 

This historical notice is sufiicient for the 
present, only we shall state some facts an- 
nounced by Messrs. Peligot and Pouillet. 
They have made many experiments on the 
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products of the combustion of gun cotton 
placed in the same conditions as gun powder. 

Mr. Peligot has analyzed gun cotton, dried 
in vaottum, at the ordinary temperature, and 
found the following results. 



12 Carbon . 
9 Hydrogen 
9 Ozjgen . 
3 Nitrio Acid 



72 
9i 



22.8 Carbon 
25.6 Water 

162 61.6 Nitric Aoid 

315 100.0 



. 72) 



Thus, by representing by 



C 1 8^10^ 10 



the composition of the cotton, we see that in 
contact with nitric acid, it lost one equivalent 
of water, and takes three equivalents of nitrio 
acid. 
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CHAPTER XXIL 

FABRICATION OF GUN COTTON— NITRIC PAPER— 
PTROXAH— PROPERTIBa 

OlTN cotton and nitric paper, according to 

the analysis of Messrs. Pelouze, Payen, and 

Poinsoty can be considered as formed of two 

equivalents of cellulose* which have lost three 

equivalents of water by combining with five 

equivalents of nitric acid, constituting a double 

compound : — 

CigHgOgSNOa 
C„Hg08H02NOg 

Pyroxyle Ca4H„0„6N04 
This compound, as we have seen, can be 
completely transformed into a gas at the tem- 
perature which inflames it, that is, from 347^ 
to 856^ ; the oxygen of the acid burning all 
the carbon of the organic matter. It forms in 
10 
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Tolume, 46 of oxide of carboHi 2 of carbonio 
aoid, 10 of nitrogen, and 84 of vapor of water.* 
Some more complex and variable products are 
probably generated, bat in all cases it does not 
deposit carbon or acid in the guns when the 
raw material is pure oottoni when the acids 
employed are perfectly free from foreign mat- 
ters, and when the product has been purified 
of all free acids by washings. 

Pare gun cotton is insoluble in water, alco* 
hoi, ether; soluble in the latter with the addition 
of a few hundredths of alcohol, soluble in weak 
proportions (} to 2 per cent.) of acetic ether. 
Five times more soluble when prepared with 
nitric acid containing nitrous acid.t In this 
last case, the cotton is more or less disaggregated, 
and more slowly combustible. Oun cotton 

* Mr. Combes has aToided the fonnatioii of oxide of 
oarboD, a deleterious gas, and sabstitated it bj carbonic 
acid, bj adding to the pyrozjle the eight-tenths of its 
weight of chlorate of potash. 

t This acid is prepared bj passing nitrons acid gas 
into the mixture vntil the total weight has inoteased 
from 1^ to 2 per cent. 
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has flome other properties which possess hot 
little interest, bat it is important to observe 
that under the same denomination of pytoxyle 
or pyroxyline thej oonfound prodocts with very 
different properties of ezplosibilitj, while oon^ 
taining the same elementary principles in equal 
proportions; and a remarkable thing is thai 
those which explode at the lower temperatnre^ 
present the weakest baUistio power, and have 
^he most destructive action on fire-arms, by 
the vapor of hyponitric acid &ey generate; 

The causes of these great differences exist 
in the different degrees of cohesion of the or- 
ganic substances employed* Thus, the cotton 
having a uniform cohesion, offering the maxi- 
mum of surface to the action of the acid for the 
propagation of combustion, gives, when pure^ 
the best product — the only one it is safe to use 
for fire-arms. The cotton from old cloth, old 
hemp, linen, and paper, which offer the most 
variation in their thickness, and in the altera- 
tion of the fibre which composes it, are some^ 
times inflammable at a lower temperatureu 
Thus the thick nitric paper, newly prepared, 
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and being a liltle aoid after the washing, deto- 
nates at 212^ It is the prodact which has 
barst the most fire-arms, and sent the projeo« 
tile the shortest distance, for the reason that 
its deoomposition begins in the gun at a lower 
temperature, disengages at first vapors of hy- 
ponitrio acid, and sometimes terminates imme- 
diately* 

ThepyrooxLtn (nitric starch), more inflammable 
from 208"^ to 212^ is so instable when com- 
pletely saturated with nitric acid, that it is 
spontaneously decomposed at the ordinary 
temperature, giving abundant nitrous vapors, 
and even producing a detonation. 

The pyroxam alters more rapidly in damp 
air, the disengagement of the gases raises the 
mass which becomes pasty, then syrupy, and 
gradually more acid and soluble in water; 
when dried it is not explosive, and dissolves 
in large proportions in anhydrous alcohol. 

The different pyroxylic products are so 
much less stable, that they contain an excess 
of acid, on account of an insufficient washing. 

Thus, the maximum of instability is met in 
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the product (nitrio starch) of which the organio 
basis has the least cohesion, and of which the 
&ggi^g&tion is the most irregular, and each 
ooncentrio bed of all the granules possesses 
several degrees of cohesion; indeed, the nitrio 
starch, dissolves in its weight of acetic ether, 
and reduces by evaporation into diaphanous 
lamella, the cohesion of which is homogeneous. 
It is stable in the air, and does not inflame at 
212^. The same ether dissolves only ^fv o^ 
its weight of nitric paper. 

The preparation of nitrio cotton is very sim- 
ple, butTequires many precautions, principally 
if the operation is with large quantities. 

Prepare beforehand, in order to have it 
cold, a mixture of mono-hydrated nitric acid, 
1 equivalent, 63, with 1 equivalent of concen- 
trated sulphuric acid, 49. The liquid ought 
to present a sufficient volume to immerse in it 
all the cotton. If a certain quantity of the 
cotton impregnated with acid is left out of the 
mixture, the combination heats the fibre to the 
point of decomposing the nitric acid, and dis- 
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engages nitrous vapors dangerous to breathe. 
It will even occasion a deflagration. 

After 16 or 20 minutes, withdraw the cot* 
ion, press it well between glass, and wash 
it in a large excess of water. Press it and 
wash it in new water until it is no longer acid, 
to be sure of which, wash it with a very weak 
solution of carbonate of soda, and terminate 
by a washing with pure cold water. Press 
the cotton well and dry it This cotton can 
be used immediately to load fire-arms ; but it 
is better after a few days. One hundred parts 
produced from 170 to 175 parts of pyroxyle. 

The preparation of the paper is the same as 
the cotton; but requires more care to avoid 
spoiling the sheets. 

To obtain the pyroxam (nitric starch)^ ihe 
composition of which is similar to that of the 
cotton, dry the starch in vacuum at 257^, to 
evaporate the hydratation water. Leave the 
fecula to dry in a cool and dry place ; dilute it 
in fifteen times its weight of the mixture of 
nitric and sulphuric acid. Leave to stand for 
six hours; wash it in an excess of water, and 
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dry in a oarrent of air at lOl^. Ttie pyrozylo 
can be deoompoaedf so as to set free the cellu- 
lose with all its chemical properties by the fol- 
lowing process : Dip the pyrozyle in a concen- 
trated boiling solution of chloride of iron. The 
deoxidizing action of this compound takes off 
the oxygen from the nitric acid, disengages 
hyponitric acid, and the cotton is covered with 
rust This incrustation is taken up by diluted 
hydrochloric acid^ and the cellulose is regene- 
rated with all its primitiye properties. 

In the chapter on the application of gun 
cotton, we shall give another process of prepa- 
ration. 
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CHAPTER XXIIL 

BALLISTIC PR0PKRTIK8 OF GUN COTTON AND 
IHTBIO PAPER, 

The first essays tried by Messrs. Peloaze 
and Prelat, and those of Lassaigne have proved, 
withont any contest, the remarkable energy 
of the new powder ; bnt in these essays, the 
ballistic pendulum had not been used, and the 
substance employed was principally nitric 
paper. MessM Seguier and Clerget by using 
this paper have established the superiority of 
this new agent over hunting powder, and it 
has been admitted that at equal weight its 
force is about four times greater than that of 
the ordihary gunpowder. Soon this propor- 
tion was substituted by that of one to three, 
result of experiments made with the ballistic 
pendulum, and communicated by M. Arago. 
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However, the committee of artillery, esta- 
blished in France, was unfavorable to the new 
powder. Messrs. Piobert and Morin named 
inconveniences, which, in reality, were dae 
only to defective process of preparation, sach as 
the residaes of water and charcoal ; and those 
two savants came to the conclusion that this 
singular substance did not seem proper to 
substitute for gunpowder. 

The discussion was animated on both sides, 
and in a communication made to the Academy 
of Sciences, Mr. Piobert insisted on the bursting 
prapertteB of gun cotton, which he looks upon as 
a spring of dangers, and a cause of inferiority, 
relatively to gunpowder, in the use of fire-arms. 
He speaks of two proof mortars of cast iron, 
broken by small proportions of pyrozyline. 
On the other hand, Messrs. Seguier and Clerget, 
continuing their experiments, announced the 
following results:^ 
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Standard. — BalKsiic effe^ of a charge of 
common hunting powder, 
Distanoe, 46 feet. 
Load, 6 grains. 
Target, oast-iron plate. 
Effeot, flattened half of the bullet. 

IST COMPARATIVIB BSSAY. 

Load of gun cotton, 6 grains. 

Effect, dissemination of the bullet in lead 
spangles. 
2d Essat. 

Load, 8 grains. 

Effect, flattening the bullet into the form 
of a sun to i of its original dia- 
meter. 
8d Essay. 

Load, 1 grain. 

Effect, similar to the standard shot with 
6 grains of ordinary powder. 

We see, that with I of gun cotton, the 
results are the same as with ordinary gun- 
powder. 

Struck by the inconveniences, and the 
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dreadful examples indicated by Mr. Piobert, 
Seguier tried if it could not be possible to 
avoid the effects of a too instantaneous pro- 
duction of gas. In his researches, he tried the 
experiments of Mr* Piobert himself, who ought 
to have known that in working a mass of 
powder into a spheroid form, the slowness of 
the combustion follows a certain law, and is in 
proportion to the diameter of the sphere. 

It is this delay in the deflagration which 
suggested to Mr. Seguier the idea of studying 
the influence of the bringing together of the 
fibres of the gun cotton, on the duration of the 
combustion of this cotton in fire-arms, and con- 
sequently the difference of its ballistic effects. 
Having taken for a standard the ballistic 
results of one grain of cotton, given above, he 
loaded successively the gun, with the same 
weight of a kind of lint, proceeding from tissues 
of cotton of different thicknesses of threads. 
He ascertained that this lint furnished ballistic 
effects superior to cotton. Besides, he ascer- 
tained that the superiority of the effects was 
more marked with the barrel' of a musket, 2 
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feet long, than with that of a pistol 9 inches 
long. 

Numerous experiments hare been made, 
bat much is still left unachieved on this sub- 
ject Mr. Fayen has demonstrated that the 
mode of preparation of the pjroxyline has 
a great influence on the ballistic properties of 
the effects obtained. Mr. Morin has tried with 
the ballistic pendulum two products of the 
same cotton, one prepared with pure sulphuric 
and nitric acids in the proportion of equal 
equivalents, the other with the same mixture 
containing gaseous hyponitric acid. 

The following table indicates the great dif- 
ference in the properties of the two products :^ 



Loam. 



^5 . 

g«ar 
lis 



' Pnre cotton and 
pore aoida 

Vapors of the 
mixture 

Acids oontaining 
hyponitric acid 



234 yds. 

•■•{ 



31gi». 

356 jda. 

113 yds. 
78 yds. 



The bnllet 
did not pass 
out of the 
cannon. 
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Thirty-one grains of pyroxyle prepared on 
a large scale, with cotton and ordinary acid, 
give to a bullet a mean velocity of 842 yards. 

Such are the results of experiments made 
carefully by competent men. It is to be 
desired that this subject should be more fully 
investigated. 

The following views touching it are from 
the anniversary address of the President of the 
Boyal Society of Great Britain, for this year 
(1864), and are certainly entitled to respect 
and consideration. 

^ The advantages which are claimed for gun 
cotton over gunpowder for ordnance purposes 
and mining operations are so many and so im- 
portant as to call for the fullest investigation. 
The absence of smoke and the entire freedom 
from the fouling of the gun, are points of great 
moment in promoting the rapidity of fire and 
the accuracy of aim of guns employed in case* 
mates, or in the between-decks of ships of war. 
To these we must add the innocuous character 
of the products of combustion in comparison 
with those of gunpowder, and the far inferior 
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lieat imparted to the gnn itself by repeated and 
rapid discharges. With equal projectile effects, 
the weight of the charge of gun cotton is bat 
one-third of that of gunpowder; the recoil is 
stated to be reduced in the proportion of 2 to 
8, and the length of the gun itself to admit of 
a diminution of nearly one-third. These ooa- 
elusions are based on the evidence of long and 
apparently very carefully conducted courses of 
experiments in the imperial &ctory in the 
neighborhood of Yienna. The results appear 
to be especially deserving the attention of those 
who are engaged in the important problems of 
facilitating the employment of guns of large 
oalibre and of great projectile force in the 
broadsides of our line-of-battleships, and in 
reducing, as far as may be possiblci the ports. 
When the material was first introduced by 
Schoenbein, in 1846| its distinctive qualities 
in comparison with gunpowder were recog- 
nized. To the employment of gun cotton, as 
then known, there was, however, a fatal draw- 
back in its liability to spontaneous combustion. 
The elaborate experiments of the Austrian 
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General Yon Lenk have shown thai this lia- 
bility was doe to imperfection in its prepara- 
tion, and ceases altogether when snitable pro* 
cesses are adopted in its mannfactnre. Perfect 
gan cotton is a definite chemical compound ; 
and certain processes for the removal of all 
extraneous matter and of everj trace of free 
acid are absolutely indispensable. But, when 
thus prepared, it appears to be no longer liable 
to spontaneous combustion: it can be trans- 
ported with perfect security, or be stored for 
any length of time without danger q£ deterio* 
ration. It is not impaired by damp, and may 
be submerged without injury, its original qual- 
ities returnid^ unchanged on its being dried 
in the open air, and at ordinary temperatures. 
'* A scarcely less important point towards the 
utilization of gun cottoui and the safety with 
which it may be employed in gunnery, is the 
power of modifying and regulating its explo* 
sive energy at pleasure, by means of variations 
in the mechanical structure of thQ cartridge^ 
and in the relative size of the chamber in which 
it is fired." 
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CHAPTER XXIV. 

USES OF GUN COTTON IN MINING OPERATIONS — 
PYROTKCHNIO EFFECTS— GENERAL APPLICA- 
TION. 

If the appreciation of the ballistic effects of 
the pyroxyle is yet in doubt, it is not the case 
as to its power and advantages under some 
other circumstances, principally in the blasting 
of rocks. The first experiments were made 
by Messrs. Combes and Flandin, mining engi- 
neers. 

These experiments were made in a quarry 
of coarse calcary. A horizontal hole one foot 
deep was driven into the rock. The hole was 
driven in such a way that the rock was free 
on two faces, the upper and lower. The hole 
was 2 feet 4 inches below the upper face. 
They introduced into it 1| ounce of gun cotton, 
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which, after being packed, left an empty space 
2 feet long. It was lighted; the explosion 
took place with very little noise, and without 
any projection. An appreciable time elapsed 
between the time that the match inflamed 
the cotton, and that when the mass was raised 
a little by dividing itself into pieces of J to J 
of a cubic yard. The mass thus blasted and 
divided above the hole extended 2 yards, at 
least, from the lower face, 8 yards at the left, 
and 1| yard from the right of the axis of the 
hole. 

The total cube was about 7 cubic yards, the 
bed of the lower rock was fissured, as far as 2| 
feet from the axis of the hole. To produce 
the same effect with mining powder would 
have required half a pound. 

These essays do not give the exact measure 
of the effects of the pyroxyle, and it requires 
further experiments. However, they permit 
us to hope that the substance will be used for 
mining purposes in the same manner as ordi- 
nary powder, and without requiring di£5cult 
precautions. Its property of burning without 
11 
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smoke and smell will, we think, aaanre it the 
preference in all subterranean wbrks. 

We shall not speak, here, of the application 
of the pyroxyline in the preparation of fulmi- 
nating powders, as in the sequel of this work 
we shall have a special article on that subject 

According to Messrs. Seguier and Qerget, 
there is no doubt that nitric paper will take an 
important place in pyrotechnj. Paper pre- 
pared according to Mr. Pelouze's process, and 
dipped in solutions of nitrate of strontia, sul- 
phate of copper, nitrate of baryta, have pro- 
duced fine red, green, and white flames. 

There is no doubt that trials will be made 
to apply to^ndustry the expansive force of the 
pyroxyle, and Messrs. Lesser^ and Yalod have 
made several experiments in applying to the 
movement of machines, the expansion pro- 
duced by the deflagration of nitric paper; but 
those savants have been stopped in their essays 
by the explosion of the machinery. Experi- 
ments and time can only resolve these diffi- 
culties. 

To the probable astonishment of the reader, 
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we shall speak of the application of the pyroxy- 
line in the alimentary use. Mr. Pelonze at a 
meeting of the Academy of Sciences, speaks 
thus : ^ When we see nitric acid engages in 
organic combinations, in which it loses its 
ordinary properties, its odor, cansticity, sola* 
bility, we ask if it is absolutely impossible one 
day to obtain alimentary substances by fol- 
lowing a process, more or leas directed in the 
sense I have indicated, that is, of introducing 
nitrogen into matters which do not contain it 
For me, I am inclined to believe in the possi- 
bility of such a discovery." 

Some years since, Messrs. Bernard and 
Bares experimented on the zyloidine as an 
alimentary substance. The results have been 
negative. Xyloidine has shown itdelf inalter- 
able in the intestines ; it has remained white, 
deflagrant, insoluble in water, soluble in acetic 
add and alcohol. 
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CHAPTER XXV. 

applications of gun cotton — collodion — 
its uses in surgket — preparation of ae- 
tificu.l leaves akd flowers. 

Collodion. 

Mr. Maynard, of Boston, has made a 
curious application of the pjroxyle obtained 
by Mr. Gaudin's process, by rendering it solu- 
ble in alcoholized ether. He designates this 
agglutinative solution by the name of collodion. 
He prepares it as follows : — 

The cotton is dipped into a mixture of three 
parts of sulphuric acid and two parts of nitrate 
of potash. It is left to react for 15 minutes, 
washed and dried as usual. 

According to Mr. Payen,.the surest mode of 
preparation consists in mixing one part in 
weight of dried and powdered nitrate of potash| 
with three parts of concentrated sulphuric 
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acid ; he dips the cotton entirely into this mix- 
ture, and leaves it from 1 to 2 hoars, washes 
and dries it. 

The product dissolves incompletely in ether, 
containing if ^ of alcohol; it forms a syrupy 
liquid which is kept in close vessels. Spread 
several times on the skin, it forms by the eva- 
poration of the ether a very adherent pellide, 
resisting alcohol and water. It -offers thus a 
means, now generally used, to cover or reunite 
wounds, and takes the place of the English 
plaster. The pellicle obtained on a glass plate 
can be taken, and bums less quickly than gun 
cotton. 

Collodion can be used to render tissues 
water-proofl Tissues covered with collodion 
can be us^ to cover large wounds and keep 
them from the action of the air, as in drying it 
contracts and becomes hard. The solution 
used for this purpose is thus prepared : — ^ 

Ether . . . .90 

Alcohol • • . .10 

Pyroxyle . . . . 2 to 8 

Castor oil and turpentine • 1 



166 GUN COTTON. 

For some time collodion has been a precious 
agent in surgery and medicine. It answers to 
a multitude of uses relatjjive to certain wounds, 
ulcers, eye diseases, etc. 

Thus, it is a remarkable circumstance, that 
a compound, the explosive properties of which 
seem destined to extend the list of the most 
terrible agents of destruction, presents in itself 
Tery little modified in its texture, one amongst 
the most efficient agents used in protecting the 
life of man. 

Applications of Collodion to prbpabe ar- 
tificial Flowers and Lbaybs. 

M. Berard Touzelin has made several new 
applications of collodion, principally in the fab- 
rication of artificial flowers and in book bind- 
ing, and he has succeeded in economizing in 
these different applications two-thirds of the 
ether by concentrating the solution of pyroxyle 
and collecting the ether which becomes disen- 
gaged. He prepares his collodion in the fol- 
lowing manner : — 
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Ether at 56^ . . .100 
Gun cotton* ... 6 
New castor oil . • 6 to 8 

The solution being prepared while cold, he 
distils it over a water bath, so as to collect } 
of the ether. He leaves it to settle 8 or 10 
days; decants the clear liquid, and adds the 
castor oil. 

Very finely powdered diiBferent mineral 
colors can then be mixed with the solution, or 
coal tar colors can be dissolved in it. The 
liquid thus colored is run on a glass perfectly 
leveL The collodion solidifying it can be 
taken at once. 

M. Berard obtains a perfect imitation of 
leaves of different plants, with the help of 
moulds taken from nature according to different 
processes, and principally by the help of the 
figuring while warm (about 200®). The moulds 
are prepared in the following manner : — 

Put on a cloth plug a natural leaf, supported 

* The gun cotton \b prepared with nitrate of potash 
and Bulphorio aoid. 
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on its inferior face, t. e^ the superior part of 
the limb outside, interpose carefully on it, plas- 
ter passed through a fine sieve, and mixed so 
as to take the stamp well. The lump of plas- 
ter having beoome of sufficient consistency, 
with a knife give it the form of a truncated 
cone, of which the extreme edges of the leaf 
represent the little basis ; these edges are cut 
with a penknife to follow the denticulation of 
the leaf. The cone is dipped several times into 
a bath of melted wax ready to solidify (about 
176^) till the thickness of the envelope is strong 
enough. 

Dip it into cold water to increase the con- 
sistence of the wax, and diminish that of the 
plaster. Then strip the basin by taking out 
the conical mass of plaster. 

This basin containing the leaf in the bottom 
is metallized with powdered plumbago. It is 
then put into a bath of sulphate of copper, 
and submitted, as usual, to the ordinary pro- 
cess of electro-metallizing, and in 8 or 10 days 
is deposited a bed of copper sufiGlciently thick ; 
then take out the wax envelope and the leaf 
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which covers the bottom of the copper mould* 
The mould is filled with melted bronze, and 
ran into it while liquid, by engaging in it an 
iron rod which forms a handle; yon obtain 
thus a matrice, of which yon print under a 
strong pressure the embossments (nerres of 
the leaves) in a thick lead* basin (alloyed with 
0.2 ofantiroony). 

It is between this matrice and the basin 
that are successively figured the leaves cut 
with the punch from the colored collodion. 
The figuring is effected by a quick pressure, 
the moulds being kept at the temperature of 
212^. For the stalks adapt to the leaf an iron 
wire colored with green paper. 

Becently, M. Berard has made a new appli- 
cation of the colored collodion spread on cloth 
or paper, and figured by pressure on surfaces 
representing hollow the projectures of the skins 
sbagreened for book-binding. This figuring 
is effected between a copper cylinder and a 
cylinder in shields of paper, hardened by an 
energetic pressure that exercises a strong 
screw on the iron axis of this kind of paper 
cylinder. 
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CHAPTER XXVI. 

APPLICATIOK OP COLLODIOK IN PHOTOGRAPHY. 

A VERT happy application has been made 
of collodion in photography. We do not 
expect to give here a treatise on this art, bat 
we think it of interest to the reader to be in- 
formed of that part which specially treats of 
the application of collodion to the art. 

Pure Cotton. 

Take wadding cotton, and treat it, 1st, with 
a solution of weak potash; 2d, with water; 3d, 
with hydrochloric acid ; 4th, with boiling dis- 
tilled water, and dry it. 

Gun Cotton. 

Take 10 ounces of dried nitrate of potash in 
fine powder, introduce it into a mortar, and 
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pour on it 20 ounces of sulpliurio acid. Mix 
well, and gradually immerse in the mixture 1| 
ounce of pure cotton. Leave the cotton a 
quarter of an hour ; remove it to a funnel, and 
wash it well with lukewarm water. When 
the cotton is free from acid, wash it well three 
or four times with distilled water. Dry it at 
a proper temperature, keeping it covered with 
paper to keep off the dust. If during the pro- 
cess red vapors are evolved, the operation has 
to be begun over again. 

Pbbpaeation of the Collodion. 

It is better to prepare a large bottle at once, 
as. it keeps well, and improves by settling. 
In a ground stoppered bottle introduce — 

Bectified ether • . 100 parts (weight). 

Commercial alcohol . 20 " " 

Gun cotton • . . 2 to 4* " 

Aq. ammonia • • 6 drops 

* Use two parts in sammer, and four in winter* 
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Shake occasionallj, aud when the ootton is 
dissolved, add — 

Iodide of aromoniam • • .1 part 
Cyanide of potassiam • . • A ^ 
Fluoride of potassioin • • • tV *^ 

When the salts are dissolved, filter through 
a cotton cloth into a bottle previously washed 
with ether. Instead of iodide of ammonium^ 
you can use — 

Iodide of potassium . • .1 part 
Iodine . . . . . . /(r " 

The collodion has a yellow color, which 
after a few days becomes light straw. 

As the solution of the salts is difficult in 
ether and alcohol, dissolve the salts in a few 
drops of water, and then add it to the collodion. 
For immediate use it should be kept in bottles 
of three or four ounces. 

CLBANINa OF THE GLASS. 

The glass, on which the collodion is applied, 
should be well cleaned with the following 
composition :— 
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Alcohol 


. 10 onnces 


Ammonia . 


2 J drms. 


Botten stone 


• • Ij^ drm. 


Application 


OP THE CtoLLODION ON THB 




Glass. 



Take the glass by one corner, in the left 
hand, and with the right hand pour the collo- 
dion on to the centre of the glass and let it 
flow over the glass by giving it a half rotary 
motion. When the whole surface of the glass 
is covered, ]K>ar off the excess of collodion by 
the opposite comer, to prevent streaks, as yoa 
must only ponr upon the glass enough to cover 
it Place it horizontally, and give it a gently 
inclining motion firom side to side. When the 
collodion begins to dry, immerse the glass 
plate into the sensitive bath. 

Sensitivx Bath 
Is prepared in the following manner : — 

Distilled water • . . 100 parts 
Nitrate of silver . . . 8 '* 
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Dioflolve the whole of the silver in distilled 
water, filter, and let it stand a few hoars. For 
this purpose nse a vertical bath of gutta 
percha. 

Before using the bath, filter the solution; 
when the bath is nearly full, immerse the plate 
quickly, raise it after a minute to inspect it, 
when it will have a milky color, nearly white, 
as well as an oily appearance caused by ether. 

When these phenomena have disappeared, 
and the glass has no marble appearance, re- 
move it; allow it to drain before putting it 
into the frame. 

The length of time for it to remain in the 
bath of silver varies from one to three minutes. 
Expose the glass plate in the camera to take 
the picture. When done develop the image. 

Developing the Image. 

There are two ways of developing— 
(a) By pyrogallic acid. 
(i) By protO'9ulphate of iron. 
(a) To develop by pyrogallio acid, prepare 
the following bath : — 
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DistOled water 


. 100 parts 


Pyrogallio acid 


1 « 


Olaoial acetic add 


. 10 " 



When the plate is removed from the frame, 
take it by one corner, cover it with the above 
solution, agitate well the fluid over the entire 
surface, being careful that the plate is entirely 
covered with the liquid. The image gradually 
appears, but it is not very distinct; it is ren- 
dered perfect by putting it into a bath of — 

Nitrate of silver • . . lj)art 
Distilled water , . • 100 parts 

When the image is perfect in all its parts, 
wash the glass with distilled water, and fix it. 

(i) To develop by the proto-sulphate of 
iron, prepare the following bath : — 

Distilled water . . . 100 parts 

Proto-sulphate of iron . . 10 " 

Glacial acetic acid • • ^ ^ . 

Sulphuric acid . . • 2 drops 

Filter, and pour it into a porcelain dish, and 
immediately plunge the glass in. In three or 
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four seconds the image appears and is perfect. 
Wash and fix it 

Fixing the Pboop, 
There are two methods of fixing the proof: 
(a) By sulphate of peroxide of iron, 
(6) By hypo-sulphite of soda, 
(a) To fix by the. sulphate of peroxide of 
iron, prepare the following bath : — 

Distilled water «... 1000 parts 
Sulphate of peroxide of iron . 2 " 

Allow the proof to remain in this solution 
from 60 to 60 seconds, wash with distilled 
water, and dry. 

(i) To fix by the hyposulphite of soda, pre- 
pare the following bath : — 

Distilled water . • . 1000 parts 
Hyposulphite of soda . . 60 " 

Operate as above. 

PosiTiTKS ON Collodion. 
The principal advantage positive pictures 
possess is, that they do not reflect like the 
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silyer plate, and Ihej roqnire leas time to take 
than negative pictures. The preparation of 
the plate for pictures is precisely the same as 
for negatives, exoept it requires a much shorter 
exposure in the camera. The pictures are de- 
veloped with pyrogallio acid, to which is added 
a drop or two of nitric acid, or with the proto- 
sulphate of iron and the same quantity of acid. 
The two solutions are thus prepared — 



Pyrogallic acid . 


• • 


. 10 grains 


Acetic acid 


• . 


. 66 minims 


Nitric acid 


• • 


1 minim 


Distilled water . 


• • 
IL 


. 10 ounces 


Proto-sulphate of iron 


. 26 grains 


Acetic acid 


• . 


80 minims 


Nitric acid 


• • 


2 " 


Distilled water . 


• • 


. 640 *' 



What we have said above is sufficient to 
demonstrate the great utility of gun cotton in 
12 
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pbotographj; and the reader who wishes to 
make himself acquaioted with the fall descrip- 
tion of the manipulations of this art, can find 
them lengthily explained in Hard wick's ** Man- 
ual of Photographic Chemistry."* 

• Thlfl Tolume will shortlj appear from the Indiutiial 
Press of Henij Carej Baird, Philadelphia. 
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CHAPTER XXVII. 

ACXTIBBNTS WHICH ARB LUBLB TO OCCUR DU- 
RING THE PREPARATION OF GUN COTTON — 
CAUSES OF THESE ACCIDENTS— PRECAUTIONS 
TO BE TAKEN. 

It is to Mr. Payen that we are indebted for 
a complete study of the very important ques- 
tion of the accidents which are liable to occur 
in the preparation and the drying of pyroxy- 
line. 

During the preparation, Mr. Payen has ob- 
served that when he pours the nitric acid or 
the mixture of nitrate of potash and sulphuric 
acid on the cotton, the temperature sometimes 
raises high enough to bring about the inflam- 
mation of the fibre, which is out of the liquid. 
Every chemist has observed that in operating 
by dipping the cotton into the acid, if the ope- 
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ration is done slowly, so that a part of the 
cotton is out of the acid, a particular reaction 
takes place, and gives a disengagement of 
nitrons vapors. Sometimes they have seen 
this reaction take place so rapidly that it pro- 
vokes an effervescence, to such an extent, 
that the liquid is ejected more or less quickly 
from the vessel which contains it, and the 
cotton disaggregates, and is converted into a 
brown-reddish solution. 

These two accidents are greatly to be appre- 
hended, and can be stopped by throwing the 
whole into cold water, but it is better to avoid 
it by dipping the cotton completely into the 
liquor, in which it may stay more than 48 
hours without inconvenience. These two ac- 
cidents have not yet produced dangerous re- 
sults ; that is the reason why we only indicate 
them ; but as all recorded accidents have oc- 
curred during the drying, we shall be more 
particular on the precautions to ^be taken in 
this operation. We have seen cotton explode 
at a temperature of 140^; how shall we explain 
such explosions when direct experiment shows 
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tbat tbe pyroxyline, in order to fulminate, 
requires a more elevated temperature? Mr. 
Payen has examined this phenomenon, and 
he has demonstrated that currents of air, 
heated even moderately by stoves or furnaces, 
may produce explosions? Every one has re* 
marked that if gua cotton is placed on ordi- 
nary paper, and if that paper is kept above 
lighted coals, at a distance, such that tbe 
paper is scarcely burnt, and that the hand 
very easily supports the temperature of the 
current of air, and the deflagration is not long 
in being produced — then, according to Mr. 
Payen, it is very probable that, under these 
circumstances, currents of air or gases resulting 
from the combustion, keeping a temperature 
above 212^ and even 866^, may inflame some 
particles (^thecotton where they do not sensibly 
affect the skin. 

To ascertain the truth of his theory, Mr. 
Payen kept for a long time the pyroxyline in 
contact with fine sheete of metals or porcelain 
heated by steam, and in no case has he ever 
seen iaflammatioB prodooed; and he has 
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jseveral times prored that currents of air, 
heated by the intermediary of metallic plates 
or masonry works, inflame the cotton at a 
temperature not above 186^. 

The consequence of these observations is, 
that in the oven used to dry the pyroxyline, 
hot air, heated by furnaces, stoves, etc, ought 
to be excluded, even if it was mixed with cold 
air. On the contrary, an oven, with a current 
of air heated by steam, fulfils aU the con- 
ditions of safety, and by using steam, the 
oven can be heated without danger nearly up 
to 212<>. 

Mr. Gaudin has proposed a very good 
method of drying small quantities of pyroxy- 
line. 

Through the room in which the cotton in, 
he passes a current of air, which has been de- 
siccated by quicklime. This process is eco- 
nomical and perfectly safe, but is too tedious 
to operate on large masses. Mr. Payen has 
seen that the pyroxyline, prepared with raw 
cotton, heated on a mercury bath, requires a 
temperature higher than 892^ to take fire. 
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When prepared with pure cellulosOi it ex- 
plodes at 829^. Nitric paper, according to 
this chemist, has an explosive property weaker 
than the cotton. 
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CHAPTER XXVm. 

lOBTHOD OF DISTINGinSHINa GUN OOTrON FBOK 
OBDINABY COTTON — SPONTANEOUS FOBKA- 
TION OF FBODUCTS 8IMILAB TO PYB0X7LINS. 

Mant processes have been proposed to dis* 
tinguish gnn cotton firom ordinary cotton. 
One chemist has proposed to mb them in the 
dark ; he says that gun cotton becomes lami- 
nons, whilst ordinary cotton does not ^ye any 
emission of light ; we have tried this process 
many times, and have never sncceeded. The 
best method is the following : — 

Make a mixture of 1 ounce of sulphuric 
ether, with ^ of an ounce of alcohol, introduce 
into it 6 or 6 grains of the cotton to try ; if it 
dissolves and forms a syrupy solution, it indi- 
cates gun cotton, if ordinary cotton it does not 
dissolve. This test is the surest and most easy. 
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Another rery serious question worth at- 
tracting attention to, is the spontaneous pro- 
daction of matters similar to the pyroxyle, and, 
like it, capable of taking fire. Mr. Thenard 
first called the attention of chemists to this 
fiact. For some time, in his honse, they used 
to deposit in an open box the snuffings of 
lamps, when one night they spontaneously 
took fire, and he attributed this effect to the 
fact, that the snuffings impregnated with oils 
had absorbed the oxygen by degrees, and had 
become spontaneously inflammable. 

It must also be remarked, in regard to gun 
paper, that the liquor may unite with the nitrio 
acid, and become inflammable. It is in this 
way possible to explain the spontaneous com* 
bustion which has resulted from the breaking 
of bottles full pf nitric acid, the acid running 
into organic matters. 



SECTION IV. 

COLORED FIBEB.* 

The phenomena exhibiting colored flames 
may be distingnished into non-illuminating and 
illumiwiting fires. The former expression is 
certainly not to be taken in the strict sense of 
the word, since a flame without any light is 
clearly impossible; bat the line of distinction 
between the two is so marked, that the mean- 
ing is readily understood. Non-illuminating 
firesj owing to that very peculiarity, are of but 
limited application compared with the colored 
or illuminating fires proper, which are those 
principally called into seryice by pyrotechnists. 
The medium of combustion in the former is 

* In this flection we are indebted for manj recipes to 
the *' American Draggists' Circular.'* 
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almost ezclosively aloohol, while that of the 
latter is either charcoal, or salphur, or both 
together. 

Before proceeding with a description of the 
yarions lights and their components, it will be 
necessary to give practical methods for the 
preparation of the ingredients, and it will be 
found advisable to adhere strictly to the rules 
laid down in the following chapter. 
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CHAPTEB XXIX. 

8UBSTAN0BS USED FOB PBEPABING COLOBBD 
FIBS& 

NiTBATK OP Potash. 

In Chapter YII. of this work, we have said 
all that is necessary of this substance. Before 
using, it must be perfectly dried. It colors 
the flame of alcohol clear pink^ 

SULPHUBST OF SODIUK. 

Dry the glaaber salt, in an iron pan oyer a 
coal fire, as long as watery vapors arise from 
it; the white powder resulting is mixed with 
i its weight of powdered charcoal, placed in a 
crucible, coTcred, and exposed to the strongest 
heat of a stove. Sulphuret of sodium is pro- 
duced, which fuses; when the crucible is taken 
from the fire it is allowed to cool, then broken, 
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and the sulpharet powdered and preserved in 
well-stoppered bottles. 

OxAi«ATB OF Soda 

Is prepared by neutralizing a concentrated hot 
solution of carbonate of soda, by slowly adding 
oxalic acid nntil it tarns blue litmus paper 
into red. The salt is crystallized and dried 
in the usual manner, using cold water for 
washing, and no heat in drying. 

NiTRATX OF BABYTA. 

The material to manufacture this salt is the 
native sulphate or carbonate of baryta, or the 
commercial chloride of barium. The mode of 
preparation for the two former is the same as 
that of the nitrate of strontia, as we shall see. 
From chloride of barium it is prepared as fol- 
lows : Dissolve four parts of chloride of barium- 
in eight of hot water, and three parts of nitrate 
of soda in three of hot water; mix the solution 
while hot, and stir till cold. Owing to chem- 
ical affinities, an exchange of acids and basis 
takes place, from which results a fine crystalli- 
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zation of nitrate of baryta and chloride of bo- 
diam. 

The nitrate of baryta is drained in a glass 
funnel from the mother liquor, washed slightly 
with cold water, then dissolved in hot water, 
and recovered by a second crystallization. 
The mother liquor from this latter yields 
another though more impure supply of the 
salt. The crystals are treated in the same 
manner as nitrate of strontia. 

Chlorate of Babtta. 

This salt is difficult to prepare sufficiently 
pure for the wants of the pyrotechnist Its 
preparation is very circumstantial, and the 
best is as follows : Dissolve 15 parts of tar- 
taric acid in 48 parts of water, and neutralize 
by adding gradually 14 parts of crystallized 
carbonate of soda. At the same time have 12 
parts of chlorate of potash dissolved in 82 of 
boiling water. The hot solutions are mixed, 
stirred up, and set aside to cool. On cooling, 
there will be found a precipitate of bitartrate 
of potash and a solution of chlorate of soda. 
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This latter is filtered of^ and to it are added 
,12 parts of oxalic acid dissolved in S6 parts of 
cold water, the mixed solutions being snr- 
roanded with a frigorifio mixture in an ice 
freezer. It is necessary for the preeipitatioa 
of the oxalate of soda that the solutions should 
be kept as cold as is practicaUei since this salt 
is quite soluble at the ordinary temperature. 
The oxalic acid has disengaged the chloric add, 
which latter is now contained in the superna- 
tant liquor, and after filtering, is in its turn 
neutralized with freshly precipitated pulpy 
carbonate of baryta, by the aid of a slight ele- 
vation of temperature* The solution of chio* 
rate of baryta is then evaporated wet a toaUr 
laih, and the salt as it forms removed from the 
liquor which is completely dried. For the pur- 
pose of a pyrotechnic display, this salt must not 
be deliquescent, nor exhale any acid, and when 
ignited on paper must show a purely emerald 
light ; if this light has a reddish or yellowish 
hue, the salt is unfit for use* The carbonate 
of baryta called for in this formula is prepared 
by precipitating a solution of chloride of ba* 
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rimn by one of carbonate of ammonia, to wbicli 
gome ammonia has been added. 

When the white precipitate has settled, poar 
off the sap^natant liqnid, bring the precipitate 
on a filter, and wash it with pare water as long 
as the washings oarry off any ammonia, which 
is the case if it colors a drop of a dilate solu- 
tion of blae vitriol a deeper blue. 

Chlobidb of Stbontiuh. 

This is prepared in the same manner as the 
nitrate of strontia, substituting hydrochloric 
acid for nitric acid. Owing to its greater sola- 
bility in water, it is necessary to obtain the 
salt crystallized to evaporate the solntion to a 
less bulk before a crop of crystals will form. 
These are drained in the same way as the ni- 
trate, but dried at a higher temperature on 
bricks, and preserved in well-stoppered bottles. 

Nitrate of Strontia, 

This salt is prepared from the native sul- 
phate of strontia or its carbonate ; the latter 
18 
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farnishes a solation of the nitrate when it is 
powdered, placed in a poroelain dish, and 
treated with commercial nitric acid as long as 
a violent effervescence is produced, then placing 
the dish on a sand bath, and heating it slowly, 
when a small portion of the mineral must re- 
main behind, or otherwise it has to be added 
in order to prevent a loss of acid The hot 
solution is then filtered and allowed to cool, 
when a second crop of crystals will result 
Both crops are then drained on a glass 
funnel, folded in blotting paper, and pressed 
between two bricks. They are next ground 
into powder in a porcelain mortar, dried upon 
warm bricks, and finally preserved in well- 
stopped bottles. The sulphate of strontia re- 
quires another manipulation, which consists in 
first calcining the powdered mineral, embodied 
with about two-fifths of its weight of flour, and 
made into paste with some fatty oil, in crucibles 
or earthen pots, which are placed in a brick or 
potter's kiln. This yields an impure sulphuret 
of strontium, which is exhausted with hot 
water ; the solution filtered and evaporated to 
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the point of crystallization. Tlio crystaLs, 
which are generally indistinct, may be sepa- 
rated, drained, and dried upon bricks, if it is 
desired to preserve them. To convert the 
concentrated solution into nitrate, it is treated 
with nitric acid diluted with an equal weight 
of water. This operation involves the disen- 
gagement of large quantities of sulphuretted 
hydrogen, and renders it necessary to perform 
it in the open air or under a good draught. 
When the effervescence has ceased, a small 
excess of sulphuret of strontium is added, the 
solution of the now nitrate of strontia is heated 
over a sand bath, filtered, and treated as above. 

Oxalate of Strontia. 

Add to a solution of nitrate or chloride, a 
solution of oxalic acid as long as a white pre- 
cipitate is formed. This is filtered off and re- 
peatedly washed with water, then dried as 
usual. The acid liquor from the precipitation, 
as well as the washings, contains some strontia 
which ought to be recovered by precipitation 
with carbonate of ammonia, and the carbonate 
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of stroDtia formed oonverted into nitrate or 
obloride. 

SULPHUBST OF TiK. 

Tin is filed into a coarse powder, and mixed 
with an equal weight of flowers of sulphur. 
This mixture is deflagrated in a cruciblo 
brought to and kept at a red beat on a coal 
fire. Small portions are introduced at a time^ 
when deflagration takes plaee, caused by the 
oombustion of the exoess of sulphur; no more 
is added until what is left in the crucible has 
assumed the temperature of the crucible, and 
is in a glow. When the craoible is about | 
fully it is covered, heated somewhat stronger 
for a while, and then allowed to eool. The 
eontents of the oruoiUe are powdered in an 
iron mortar ; if any of the metal should still 
be present in a free state> proved by the flat- 
tening of some of the coarser grains, they mast 
either be picked out, or the whole calcinatioo 
must be renewed after adding some sulphur. 
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NiTBATB OF COPPSB. 

Copper turnings or small slips of copper, to- 
gether with a sufficient proportion of nitric 
acid in a porcelain dish, are placed in the open 
air and slightly heated* Should all the copper 
be dissolved, some more must be added until 
it ceases to dissolve, whereupon the solution is 
heated to boiling, then taken from the fire and 
allowed to cool slowly. The nitrate of copper 
will form in fine green crystals, which are freed 
from the mother liquor by pressing between 
filtering paper, and drying on bricks without 
heat. They are preserved in glass-stopped 
bottles. 

Chlobidk of Coppbb 

Is prepared in the same manner with aqua 
regia instead of nitric acid. The solution is 
rapidly boiled down, and the blue crystals of 
chloride of copper which form on cooling when 
drained from the mother liquor, but still moist, 
are dissolved in alcohol, partly on account of 
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their deliquesoenoe, and because this prepara- 
tion is only used in that condition. 

loDiDB OF Copper. 

A Bolation of sulphate of copper, saturated 
in the cold, is added to a similar one of iodide 
of potassiuhi until the liquid shows a blue 
color, when the precipitate has settled. The 
whole is then well stirred, filtered, and the 
precipitate on the filter washed, first with 
water, then with alcohol. The brownish white 
powder of iodide of copper is dried upon 
bricks at a low heat, and when dried preserved 
in stoppered bottles. 

We have thus fiir enlarged upon the prepa- 
ration of the rarer compounds required for 
pyrotechnic displays, all other ingredients are 
easily obtained in the trade, but they must 
always be of the best quality. 
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CHAPTER XXX, 

NOK-ILLUllIHATISrG OOLOBSD TIBSS. 

Ths usual modes of preparing these fires 
are as follows : — 

Into a flat poroelain or tin cup pour alcohol, 
and add the coloring substance previouslj dis> 
solved in hot water: Or cotton wadding is 
dusted with the preparation in a fine powder, 
then soaked in alcohol and lighted. The same 
ball of cotton may serve repeatedly by merely 
moistening it with alcohol : or take a common 
cylindrical tin box about 4 inches high and as 
many wide, and form it into a rude lamp after 
the manner of a spirit lamp by passing an inch 
of perforated tin or brass tube for the wick 
through the lid, then fill it with alcohol, to 
which a solution of the coloring substance has 
been added. The latter arrangement will be 
found preferable. 
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The following Bubstanoes are used to pro- 
duce the various colon. 

Bed. — ^Nitrate of strontia, chloride of stron- 
tium. 

Yellow. — Chloride of sodium, nitrate of soda. 

Oreen. — ^Nitrate and iodide of copper, boracio 
acid. 

Oreen with Blue Streaks. — Chloride of cop- 
per. 

Pink. — Saltpetre, pearlash, orange, chloride 
of calcium. 
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CHAPTER XXXI. 

illuminating fibss— bengal fibes— open 
lights— colored lights. 

Illuminating Fires and Bengal Fires. 

These fires serve to illuminate objects of a 
small or larger compass; hence, intensity of 
, light is principally to be aimed at, besides, 
there is a condition that there be but little 
smoke, and that the mixture bum off slowly 
and regularly. The mode of using the mix- 
tures is either to place them open on a flat 
dish, or to put them into stiff paper capsules 
prepared in the manner of rockets, but of very 
thin paper. These two modes require different 
mixtures, and produce different effects. The 
former gives off a larger light, but, even in 
large quantities of short duration, while the 
latter, though smaller, burns longer and with 
more regularity. 
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OpknFibss. 

Among the many recipes for these, bat few 
deserye to be recommended, and these have 
been selected. The white and red fires only 
show a clear distinct color. The green is gene- 
rally pale, and shows off easily when burnt 
after a red. A pare blue is very difficult to 
obtain. 

The following should be observed as general 
rules : The ingredients for the fires are dried 
eingly at a slightly elevated temperature, finely 
powdered, and preserved in well-stopped bot- 
tles until required for use. The mixing of the 
ingredients is best performed on a sheet of 
paper by means of a card, and should be done 
very carefully, so as to insure a complete mix- 
ture. Sifting is in most cases admissible, while 
triturating in a mortar is, above all, to be 
avoided. 

After mixing, the powder is piled in small 
heaps in open vessels, for which purpose small 
flower-pot dishes are well adapted. On top of 
these several piles some gunpowder is placed 



ILLUmSTATCErG FISE8. 203 

to facilitate the lighting. The vessels should 
be arranged in snch a manner that the flame 
may illaminate the intended object without 
being seen by the spectators. The distribution 
of the material into a greater or less number 
of dishes is governed by circumstances. A 
great number of small flames from a given 
quantity of mixture generally gives a more 
intense, but so much shorter lived light than 
the same quantity distributed in larger por« 
tions. Beyond a certain limit, however, even 
that intensity is not materially heightened by 
a few more lights. If the fire is to continue 
for some time, -it must further be considered 
that large quantities of the mixture form a 
correspondingly greater amount of slags which 
greatly mar the efiect. It is, therefore, best in 
such cases to burn off a number of small 
charges successively. 

White Fibb. 

The following mixture is the best for white 
lights, being unsurpassed in brilliancy and 
power by any other. 
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Take— 

Saltpetre 18 canoes. 

Sulphur . . . . . 10 " 
Black sulphuret of antimony • 8 ** 
Burnt lime • • • • 4 ** 

The sulphur is used in th^ form of flowers 
previously dried ; the lime Ib not to be slaked^ 
but must be finely powdered ; it must be fresh 
and be powdered immediately before use. 

All other mixtures for white fires have 
either a blush tinge, or contain deleterious 
ingredients, which latter render them at least 
unsuitable for in-door use. Of this latter class 
we will mention only one. 



n. 



Take- 




Saltpetre 


. 12 ounces. 


Sulphur 


• . 4 « 


Sulphuret of tin . 


1 ounce. 



Two other mixtures deserve mention, while 
not equal to No. 1. 
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Take- 






Saltpetre • 
Sulphur 
Sulphuret of sodium 


. 24 oonoes. 
. 8| « 


Take- 


IV. 




Saltpetre . 

Sulphur 

Gunpowder 


• 
• 
• 


. 82 ooDoes. 

. 7J « 



Blus FiBEa 

The only mixture to be relied on, though 
the light is not purely blue but bluish-white, 
is the following : — 

Saltpetre • . . '• .8 ounces. 

Sulphur 1 ounoe. 

Black sulphuret of antimony . | ^ 

Bed FiBBS. 

The following mixture is the best in use; 
its composition may be altered by various ad- 
mixtures. 
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I. 

Take- 
Nitrate of strontia • 13 ounces. 
Sulphar . • • 1 ounce. 
Powder dost . . 1 ** 

The latter ingredient is prepared from gun- 
powder, rubbed up carefully in a mortar, and 
then sifted through a hair sieve. 



IL 



Take- 




Nitrate of strontia 


. 12 ounces. 


Chlorate of potash 


. 8 


Stearin 


. 2 


Powdered charcoal 


i ounce. 



In using chlorate of potash, the precautions 
we have indicated in other chapters must be 
strictly observed, and all pounding and rub- 
bing avoided. 
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m. 



Take- 




Nitrate of strontia . 


. 10 ounces. 


Chlorate of potash 


. 2 " 


Sulphur • • . • 


. 2J « 


Black sulphuret of antimony 


1 ounce. 


Powdered charooal • 


. * " 



This gives a very strong light. 

The nitrate of strontia for these fires, as the 
ingredients for all others, must be well but 
carefully dried. 

Yellow Firb. 

This color, which is very little used, is pro- 
duced by the following mixture : — 



Nitrate of soda 


. 8 lbs. 


Sulphur .... 


. 1 lb. 


Black sulphuret of antimony 


. i" 


Powdered charcoal 


. 1 ounce. 


Obeen Fibes. 





The coloring ingredients for these lights are 
the salts of baryta; the color is generally not 
very deep. 
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OKB. 


L 

Take 




Nitrate of baryta 
Sulphur 
Chlorate of potash 


. 22j^ ounces. 
. 6 « 
. 10 " 


Calomel 
Lampblack 


1 ounce. 


n. 




Nitrate of baryta 
Chlorate of potash 
Sulphur 


• 80 ounces. 
. 9 « 
. . 11 " 


m. 




Chlorate of baryta 
Sulphur 


. 8 ounces. 
. 1 ounce. 


IV. 




Chlorate of baryta 
Stearin 


• 1| pound. 
. 8 ounces. 


Sugar of milk 


. 1 ounce. 


V. 




Chlorate of baryta 
Sugar of milk 


. 8 ounces. 
. 1 ounce. 
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CoLOBBD Lights. 

These are formed by filling cylinders of 
thin writing paper of about an inch in diameter 
with the mixtures. The length of the cylinder 
determines the duration of the light. The 
mixture may be moistened and pounded into 
the cylinder with a wooden rod. After drying, 
they will then be hard enough to allow of the 
removal of the paper, and may be further 
strengthened by being dipped or painted over 
with mucilage of gum arabic. The cylinders, 
when finished, are tied to the upper end of 
sticks listened in the ground in a vertical po- 
sition. 

The mixtures vary essentially from those 
used for colored fires. 

White Lights. 

Saltpetre . . . , .4 ounces. 

Sulphur 1 ounce. 

Black sulphuret of antimony . 1 " 

14 
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Yellow Light. 

I. 

Sulpharet of antimony . • • 2 ounoes. 

Chlorate of potash . . . 4 ^ 

Sulphur 2 « 

Oxalate of soda .... 1 ounce. 

II. 

Saltpetre 140 ounces. 

Sulphur 45 " 

Oxalate of soda . . . 30 " 

Lampblack .... 1 ounce. 

Green Light. 



Chlorate of baryta 
Nitrate of baryta 
Sulphur 



2 ounces. 

3 " 

1 ounce. 



Chlorate of potash 
Nitrate of baryta 
Sulphur 



n. 



20 ounces. 

21 " 
11 " 
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Bed Light. 

Nitrate of strontia 
Chlorate of potash 
Sulphur .... 
Black sulphuret of antimony 
Mastio .... 



25 ounces. 
15 " 

13 " 
4 « 
1 ounce. 



Pink Light. 

Chlorate of potash 
Saltpetre 
Sugar of milk 
Lycopodium 
Oxalate of strontia 



12 ounces. 
5 « 
4 " 
1 ounce. 
1 « 



Blue Light. 

Chlorate of potash 

Sulphur • . . . 

Ammoniated copper , • 



8 ounces. 
1 ounce. 
1 " 
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CiOIfORED LlOHTS WITHOUT SULPHUR FOB IN- 
DOOR ILLUHINATIONS. 



Wnixjfi. 



Chlorate of potash 


. 12 ounces. 


Saltpetre .... 


' . 4 " 


Sagarofmilk 


. 4 " 


Lycopodinm 


1 ounce. 


Carbonate of baryta . 


. 1 " 


Yellow. 




Chlorate of potash 


6 ounces. 


(or nitrate of baryta) 


. 10 " 


Saltpetre .... 


. 6 « 


Oxalate of soda . 


. 5 " 


Powdered shellac 


. 8 « 



Oresn {cnly after ydlow or red UglUe). 

Chlorate of potash • . . 2 ounces. 
Nitrate of baryta • ... 1 ounce. 

Sugar of milk . . . . 1 " 
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Bed. 



Nitrate of strontia 
Chlorate of potash 
Sagar of milk 
Stearin 



12 ounces. 
8 " 

1 onnoe. 

2 ounces. 
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CHAPTER XXXII. 
phosphoric lights. 

Phosphorbsoencis. 

A NUMBER of bodies have the peculiarity 
under certain circumstances of emitting light, 
the origin or cause of which has not as yet 
been fitly explained. Among such cases is 
the appearance of light during the process of 
crystallization. The transition of a substance 
from the non-crystallized, amorphous or liquid, 
to the crystallized condition, is accomplished 
by a simultaneous moyement of its atoms, pro- 
ducing light in a manner which cannot be fur- 
ther accounted for. 

In all cases to be mentioned, it will be found 

a very remarkable fact that when the substance 

has once shown this phenomenon, during its 

• passage into the crystallized state, it will not 



PHOSPHOBIC LiaHTS. 215 

show it again when redissolyed and recrystal- 
lized. Evidently there is connected with it a 
positive change in the arrangement of the 
atoms, and the phenomenon of phosphorescence 
is only in so far coincident with the process of 
crystallization, as the latter is prodaced by a 
rearrangement of the atoms. 

The amount of light developed is in all in- 
stances so small as to be observable only in 
the dark. 

Absekious Acid. — This substance, as it ap- 
pears when freshly prepared, and partly even for 
some length of time afterwards, is in transpa- 
rent, glassy, perfectly colorless lumps. It gra- 
dually passes, beginning on the outside first, 
into a semi-transparent porcelain like, and 
finally into a perfectly opaque state. This 
change is caused by the atoms assuming the 
form of crystals. It is reduced more rapidly 
and with the appearance of light when the 
crystallization of the acid takes place from a 
solution of it For this purpose a piece of the 
transparent arsenic is powdered and dissolved 
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in somewhat dUated and boiling hydrochloric 
acid to saturation, with due observance of the 
caution necessary to guard against accidental 
poisoning. The glass yessel containing the 
solution is then allowed to cool slowly, having 
been placed on some non-conducting substance, 
such as wood. As soon as the crystallization 
sets in, the formation of each crystal is observed 
in the dark by a brilliant glimmer of light 

Sulphate of Potash. — The neutral sulphate 
of potash, when freshly prepared, possesses the 
same property of phosphorescence while passing 
into the state of crystallization. It is necessary 
that the solution of this salt be not made by 
dissolving crystals of it in water, but that it 
be a solution of its components sulphuric acid 
and potash, or bisulphate of potash and potash. 
For, the once crystallized salt has already un- 
dergone the change in the atoms on which 
the success of the experiment depends, and its 
immediate formatioD, as it were, an amorphous 
condition, is indispensable. To a solution of 
purified pearlash or salt tartar in hot water, 
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dilate sulphuric acid is added gradually, as 
long as effervescence takes place, or the liquid 
turns red litmus paper to blue, then filtered 
and evaporated to the point of which, a small 
portion of it on cooling deposits crystals. The 
solution is then allowed to cool slowly in an 
open dish, and it will show in the dark a con- 
stant succession of viscid flashes attending the 
formation of crystals. 

Better results are sometimes obtained by 
neutralizing a solution of fused bisulphate of 
potash with pearlash in the same manner. 

SULPHATB OF SODA AND POTASH.— A mixturo 

of 11 parts of sulphate of potash and 9 of efflo- 
resced sulphate of soda is fused in a crucible, 
then allowed to cool, powdered, dissolved in 
just enough hot water, and quickly filtered. 
On cooling, the formation of crystals is accom- 
panied by a similar phosphorescence as that 
above referred to. Within a few hours after 
their formation they will shine again when 
rubbed; but on being redissolved and ag^n 
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brought to crystallization, no light will be ob- 
served, nor wonld any be seen in the original 
solution if it were too dilute when first made^ 
and had to be evaporated. 

Sulphate of Potash and Cabbokate of 
Soda. — A mixture of 8 parts of sulphate of 
potash and 3 of effloreaced carbonate of soda, 
fused and treated in the same manner as the 
above, gives the same result 

Chromate of Potash and Sulphate of 
Soda. — A mixture of 19 parts of neutral chro- 
mate of potash and 14 parts of effloresced sul- 
phate of soda gives the same result as above. 

Chromate of Potash and Soda.— The fol- 
lowing mixture behaves in the same manner : 2 
parts of bichromate of potash and one of dry 
carbonate of soda. In this case the crucible 
must be large enough to allow for the efferves- 
cence caused by the disengagement of carbonic 
acid. 
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Bbnzoic Acid. — The sublimation of benzoic 
acid IS attended by a brilliant exhibition of 
glimmering lights when properly conducted. 
An optional quantity of it is mixed with one- 
sixth of its weight of powdered charcoal, and 
put into a flat dish which is placed on a heated 
iron plate ; the dish is covered by a large bell 
glass. 
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CHAPTER XXXIIL 

PYROPHORS. 

A ssooND class of self laminous substanoes 
are those in which this peculiarity is permaDent 
and which are sometimes called pyrophcra (firb 
BEABBBS). Their phosphorescence consists in 
the diffasion of a pale light without manifesta- 
tion of fire, the same as the well known ap- 
pearance of phosphorus their prototype in the 
dark. In some of these substanoes the phos- 
phorescence is caused by slow combustion; 
in others, such fis some liviog and dead ani- 
mals, and vegetable membranes, as well as some 
mineral substances, it depends upon causes 
not within our control, and therefore omitted 
from our selections ; in others, again, it is pro- 
duced by the illumination of the sun's rays by 
or during heating and other causes. Most of 
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those which show a phosphorescence, after 
haying been exposed to the sunlight, do the 
same upon being heated. The explanation of 
these peculiarities is beyond our limits, and 
more properly belongs to philosophy. 

To produce phosphorescence by means of the 
sunlight it is only required to expose the sub- 
stance for some minutes to the direct rays of 
the sun, and then exhibit it at once in the 
darkest place that can be selected. In some 
instances this state of illumination continues 
for several days ; in others, it passes off after a 
few hours or even minutes. The latter pecu- 
liarity is dependent upon certain circumstances 
attending the preparation of the substances 
and upon the manner in which they are pre- 
served, which should be in all cases complete 
seclusion from the air in well-stopped glass 
vessels. 

The color of the light exhibited by these 
substances varies with their nature, and the 
degree of heat to which they have been ex- 
posed. A certain scale of light and color may, 
therefore, be produced by grouping together 
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different substances or samples of the same 
sabstance, each having been heated at a dif- 
ferent temperature. 

SuLPHUBKT OF Bamum.— Finely powdered 
sulphate of baryta, which must be free from 
iron, is formed into balls with mucilage of gum 
tragacanth ; the balls are dried at a moderate 
temperature, then placed in common crucibleSi 
and kept at a red heat for an hour. They are 
then allowed to cool slowly, and while still 
warm are transferred into flasks with well-fit- 
ting glass stoppers, which may be farther se- 
eured with wax or tallow. The phospho- 
rescence of this substance is much improved 
when the baryta has been mixed with three 
per cent, of magnesia. 

SuLPHURET OF STRONTIUM. — Sulphate of 
strontia, treated in the same manner as the 
above, produces the same effects. 

SxTLPHXTBET OF Caloium.— Oystcr shells are 
calcined to perfect whiteness in a crucible, 
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freed by dasting from the ashesi and then 
piled inside down in a crucible, with a layer 
of flowers of sulphur between each two. The 
crucible is then covered and exposed to a dull 
red heat for half an hour or more. 

SULPHURST OF CALCIUM AND AnTIMONT. — 

Three parts of calcined oyster shells, treated with 
a mixture of 10 parts of flowers of sulphur and 
one of oxide of zinc, produce the same effects. 

Chloride of CALCiUM.-*Fase chloride of cal- 
cium in a crucible, and pour it out on a brighl 
iron surJOsice or slab; break it into pieces when 
cold, and transfer it into well-stopped flasks. 
If no chloride of calcium is at hand, calcine a 
mixture of 7 parts of burnt lime, slacked to 
dry powder, with 15 parts of salt ammoniac. 

Nitrate of Lime. — Make a solution of chalk 
or marble in nitric acid, evaporate to dryness, 
and fuse in a porcelain crucible. 

These substances may be made self-luminous 
also by other means besides the sunlight; for 
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instance, by heating or pounding. A saoces- 
sion of experiments may be performed with 
them, after their phosphoioefloence from insula- 
tion has oeased, by first warming them in the 
hand, then in a water bath, and afterwards on 
a stone plate, each successive increase of tem- 
perature producing a fresh exhibition of light. 

QUINIA AND SULPHATJB OF QUINIA.— TheSC 

two substances shine with remarkable intensity 
when slightly heated. Spread either of them 
over a sheet of paper, and warm it by holding it 
over a lamp. When this is withdrawn, a light 
will commence to spread from the edges to the 
centre, continuing sometimes for several min- 
utes. 

BoBAao AoiD. — When boracio acid is fused, 
and is then allowed to cool, it will sponta- 
neously, or rather by concentration, break into 
pieces, and along the cracks caused thereby a 
bright light will appear, strong enough to 
be visible even in daylight Sulphate of 
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potash, fused with cream of tartar and salts, 
shows the same phenomenon. 

Phosphorus. — As this is one of the most 
dangerous substances to experiment on, we 
shall restrict ourselves to a few experiments 
which are accompanied by no particular dan- 
ger, but are still to be performed with great 
care. 

In the first chapter of this work we have 
given all the precautions necessary, in handling 
phosphorus, to avoid danger. 

Phosphureiied oil is the best means of exhi- 
biting the luminous properties of this sub- 
stance. The phosphorus dissolves in olive oil 
to some extent when melted. A small dry 
piece, of the size of a pea, being placed in a 
test-tube with oil, is held in warm water, and 
when melted shaken until it no longer dis- 
solves, and then poured oif clear into a small 
vial which is to be well-stopped, and preserved 
in a dark place. When this vial is opened in 
the dark, its contents will shine with the same 
light as phosphorus itself. The light disappears 
15 
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upon olosiog the vial, bat appears again on 
reopening it^ and is intensified by shaking. It 
loses this property, however, after some time, 
when frequently opened. Characters written 
on paper with fresh phospharetted oil appear 
in the dark with a bright glare. 

PhosphureUed ether is prepared by digesting 
finely divided phosphorus in a closed vial with 
sulphuric ether for some weeks, with frequent 
shakings. A piece of sugar moistened with 
this ether and dropped into a vessel with tepid 
water will make the surfaoe'of the latter ap- 
pear quite luminous in the dark. 

The luminosity of phosphorus depends, for 
the greater part, upon its property of burning 
in contact with the air, by which a slight 
'amount of light and heat is evolved, analogous 
to the strongly marked appearance of light 
and heat when it bursts violently into flame. 
Yet some of these phenomena, such as are evi- 
dently connected with any combustion, cannot 
thus be explained. Phosphorus is luminous, 
also, during its evaporation or sublimation, as 
b also sulphur. Most of these phenomena we 
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are unable to deduce from any single one of 
these causes, but originate more generally in 
both. 

Sulphur. — Roll sulphur, drawn over a 
warm brick, shows its marks in the dark with 
a bright light. 
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CHAPTER XXXIV. 

MILITARY FIREWORKS* 

Buildings. — ^In a large establishment four 
separate buildings are required. 

No. 1 should have a porch, and contain at 
least four rooms. 

Cartridge room^ for making paper and car- 
tridges of all kinds. 

Filling room^ for filling cartridges. 

Packing room, for putting up ammunition 
for transportation or storage. 

Store room, for materials and tools. 

No. 2. Furnace or smith shop should have 
three rooms, two entirely cut off from the third 
by a partition wall. 

* For some portions of the information contained in 
thifl and Bnbseqnent chapters, we are indebted to '* The 
Ordnance Manual.'* 
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Driving room, for driving rockets, fuses, etc. 

Mixing room, for mixing compositions. 

Furnace room, for casting fuses or bullets, 
and making compositions requiring the use of 
fire. 

No. S. Cakpbntsr's shop. 

No. 4. Magaziks for powder, fixed ammu- 
nitions, etc. 

All these buildings should be at a distance 
from inhabited buildings, apart from each 
other, and protected by trees or traverses of 
earth placed between them. 

The size of the rooms is regulated according 
to the number of men to be accommodated. 

Precautions against Accidents. 

Avoid, as much as possible, the use of iron 
in the construction of the buildings, fixtures, 
tables, benches, boxes, etc., of the laboratory ; 
sink the heads of all iron nails if used, and fill 
over them with putty, or paste several thick- 
nesses of paper over them. Before the men 
go to work, cover the floor with carpets or 
tarpaulins, which are taken up carefully after 
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the men leave, and carried at least 60 yards 
from the building, and there shaken thoroaghly 
and swept. 

Place the stores in cloth bags in the windows, 
exposed to the sun. Prevent persons from 
entering with iron instruments or with matches 
about their person. All those who work 
where there is powder must wear moccasins 
or socks. The workmen should not drag their 
feet while walking. 

The doors and windows must open and close 
easily, without friction, and they must be open 
whenever the weather permits. 

Never keep more powder in the laboratory 
than is necessary, and have the ammunition 
and other products taken in the magazine as 
fast as finished. 

Powder barrels ought to be carried on hand- 
barrows, made with leather, and the ammuni- 
tion in boxes. 

Never drive rockets, etc., in a room where 
there is any powder or composition, except 
that used at the time. Loading shells, driving 
rockets, pulverizing materials, etc., ought to 
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be doDe in all cases in the open air, or under 
a tent far from the laboratory and magazine. 

Never enter the laboratory at night, unless 
it is indispensable, and in that case use close 
lanterns. 

AppUcaiims for bums. — Exclude the air by 
applying fresh lard to the burn; or bathe the 
part burned; and cover it with linen soaked in 
a mixture of 8 parts of sweet oil and 1 of am- 
monia well beaten together. 

Materials. — As in different chapters of this 
work we have entered into explanations of the 
different materials used in fireworks, we think 
it unnecessary to recall them here. We would 
then refer the reader to those different chap- 
ters. 
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CHAPTER XXXV. 

matohm— fusbs^bock-firb— blub lights— 
signal bockjits. 

Slow Match. 

Slow match is prepared rope, which is used 
to keep and carry fire ; it burns slowly, with 
a firm, hard coal, and is not easily extinguished. 

Materials. — Hemp or flax raps of 3 strands, 
slightly twisted, about 25 yards long, and of a 
uniform diameter of 0.6 inch — acetate of kadj 
water. 

Preparation I,— Boil the rope for ten minutes 
in water, holding in solution ^ of its weight 
of acetate of lead ; remove it with spatulas into 
the tub, or let it remain in the cold solution 
until it is thoroughly saturated. First, twist 
it over the kettle, and then by attaching one 
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end to the hook of a twisting winch, twist it 
hardy keeping it stretched by means of a stick 
passed through a loop at the other end ; at the 
same time rubbing it smartly, always in the 
same direction from the hook, with coarse 
mats until the diameter of the match is reduced 
0.1 inch, and it has a uniform twist and hard- 
ness. 

Matches thus prepared bum 4 inches in an 
hour. 

II. — ^If sugar of lead cannot be procured, the 
rope may be simply leached ; for this purpose, 
it is put into a leach tub, and steeped in pure 
water for twelve hours; this water is then 
drawn oflF and replaced by lye prepared in a 
boiler with a quantity of ashes equal to half 
the weight of the rope, to which 5 per cent, of 
quicklime is added. When the rope is well 
leached, twist it with sticks, steep it 5 minutes 
in hot water, and terminate as above. 

This match burns 6 inches in an hour. 

A slow match may be made of strong paper 
by immersing it in a warm solution of nitre, 
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one poand to two gallons of water. A half 
sheet thus prepared keeps fire for three hours. 

Quick Match. 

Quick match is cotton yarn of several 
strands, saturated and covered over with an 
inflammable composition; it is used for com- 
municating fire from point to point in fire- 
works. 

The material required to make it is mealed 
powder, cotton yarn, gummed brandy or 
whiskey, in the proportion of 1 ounce of gum 
to J gallon of spirits, 1000 yards of quick- 
match require 1 pound of cotton yarn, 8 pounds 
of mealed powder, 1^ gallon of spirits, and 2| 
ounces of gum. When dried it weighs 9 
pounds. 

Preparation. — Steep the cotton in the gummy 
whiskey until thoroughly saturated. 

Make a paste of mealed powder by mixing 
1 quart of gummed whiskey to 2 pounds of 
powder, and put a layer of it about | an inch 
deep in a bowl ; on this spread a coil of the 
cotton by unrolling the ball, and distributing 
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it equally on the surface of the paste until 
there are 6 or 6 yards oyer one another ; put 
another layer of the paste, and continue until 
the bowl is full. After the cotton has been 3 
or four hours in the bowl wind it on a reel. 
Before it is dried, dredge it with mealed pow- 
der; let it dry slowly, cut it off from the reel, 
and put it in bundles. One yard in the open 
air bums IS seconds. 

If to the above composition you add } of 
sulphur, 1 yard bums in 22 seconds, with }, 
88, with }, 68, with }, 162 seconds. 

Fuses for Mobtar Shells. 

The hard, close grained woods are best 
adapted for making fuses. Beach or ash is 
generally used. It should be dried, sound, free 
from knots, worm holes, etc. 

The composition is the following: — 

Far eigJU and ten inch light Mortar Fuses. 

Nitre .... 2 parts. 

Sulphur • • . • 1 part. 
Mealed powder . . 3 parts. 



236 COLORED FIRES. 

For ten and thirteen inch heavy Mortars. 
Nitre .... 2 parts. 
Sulphur ... 1 part 

Mealed powder . . 2 J parts. , 

Fuses fob heavy Guns. 

The composition of the mixture is the fol- 
lowing :— 

No. 1. Nitre, 26. Sulphnr, 9. Mealed powder, 14. 
No. 2. « 26. " 9. « 12. 

No. 3. " 26. " 9. « 10. 



EocK Fires. 




Book fire is a composition which burns 


slowly, is difficult to extinguish,- and is used to 


set fire to buildings, ships, etc. That which 


is put into shells is cast in 'cylindrical cases of 


paper, having a priming in their axis. 


Composition: — 




Bosin .... 


8 parts. 


Sulphur 


4 " 


Nitre .... 


10 " 


Eegulus of antimony 


1 part. 


Mutton tallow 


. 1 '• 


Turpentine 


1 " 
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Pulverize the sulphur, nitre, and antimony 
separately, mix them with the hands, and pass 
through a sieve. Melt the tallow first, then 
the rosin, stirring the mixture with spatulas, 
add the turpentine, and next the other ma- 
terials, in small quantities at a time, stirring 
the whole constantly with large spatulas. 

Let one portion of the composition be melted 
before more is added. When the composition 
becomes of a brown color, and white vapors 
are disengaged, the fire is permitted to go 
down, and when the composition is sufficiently 
fluid, the cases are filled not more than | full. 



FiRB Balls. 




Oomposition : — 






Saltpetre . 


. 


8 parts. 


Sulphur . 


• • 


2 " 


Antimony 


« . 


1 part. 


Blub Lights. 




Composition : — 






For 100 lights take- 






Saltpetre '. 


. 9 lbs 


. 10 ozs. 


Sulphur 


. 2 " 


6i " 


Bed orpiment 


. 


11 « 
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The materials should be pure, well pulve- 
rized, thoroughly incorporated, and passed 
through a hair sieve. 

Fill a wooden cup with the composition, and 
press it firmly in. Prime the cup with a quick 
match. 

Signal Rockets. 

Sockets for signals are composed of a paper 
case charged with composition, a pot filled 
with ornaments, and a light stick to give di- 
rection. 



Composition : — 




Nitre . 


. 26 parts. 


Sulphur 


. . 5J « 


Charcoal 


. 19 " 
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CHAPTER XXXVL 

DECORATIONS FOR ROCKETS— WAR ROCKETS — 
ORNAMENTAL FIREWORKS. 

Stcn-a. — The composition to prepare stars is 
as follows : — 



Whtta. 


Tcllow. 


R»a. 


Bine. 


Ore<ta. 


ffpolnte. 


Nitre 


16 


u 


u 


u 


C( 


u 


Snlphar 


8 


1 


i( 


u 


64 


7 


Healed powder 


4 


«4 


u 


u 


Ci 


10 


Charcoal 


«4 


1 


u 


it 


u 


u 


Nitrate of Boda 


u 


6 


a 


u 


u 


(t 


Chlor. of potash 


U 


u 


6 


8 


d6 


(( 


NiUofBtTODtia 


<t 


u 


20 


ct 


«l 


IC 




u 


u 


4 


4 


«c 


4( 


Snlph. of copper 


(C 


<c 


C( 


4 


« 


(i 


Nit. of haryta 


ti 


a 


u 


u 


102 


U 



The material is reduced to fine powder, and 
mixed with the hands. The composition is 
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moistened with whiskey in which gam has 
been dissolved. 

Serpents are very small rocket cases charged 
with composition. 

Streamers are small paper cases from 2 to 
4 inches diameter, and from 2 to 4 inches 
long, made of four turns of paper, one end is 
closed, and the case is charged and primed 
like that of a lance. 

Gold rain is made of small stars all the same 
size ; the stars are cubes, the length of whose 
sides is 6 inches. 

Marrons are small cubic boxes made of 
pasteboard, filled with powder, and wrapped 
with strong twine. They are used to give a 
loud report or the eifect of cannonading. 

War Rochet — It consists, 1st, of a sheet-iron 
case lined with paper, and charged with rocket 
oompoisition ; 2d, of a cast-iron cylindro-co- 
noidal head, with a small cavity communicating 
with the bone of the rocket and pierced with 
three holes, oblique to the surface for the 
escape of gas; 8d, of a wrought iron plug 
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welded into the rear end of the case, and having 
a hole in its axis for the escape of gas. 

The composition to make the rocket is thus 
formed : — 

Nitre . . . .10 parts. 
Sulphur . . . 2 " 

Charcoal . . . 8 " 

Petard is a wooden box filled with powder, 
used to blow down doors, gates, barriers, etc. 

Obnameittal Fireworks. 

Lances are small paper cases, 2 to 4 inches 
diameter, filled with one or more compositions 
each burning with a flame of a particular color. 
They are used to mark the outlines of figures, 
and are attached to light frames of wood on 
sticks of bamboo. 

Their composition is as follows : — 



16 
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White. Tallow. Bad. Blue. Oraaa. 

Nitre 26 << 16 8 96 

Salphor 9 4 10 2 64 

Mealed powder 6 4 7} << <> 

Nitrate of Bodft «• le « « « 

Lampblack " 2 « « 8 

Nitrate of strontia « « 30 « « 

Sulphate of copper « « " 4 « 

Nitrate of baryU « «« « « 192 

jS^tin Gz^e9 are strong cases made like those 
for rockets, and filled with a composition 
which burns more slowly than the rocket 
composition; thej are attached to wooden 
frames to give long rays of sparkling light. 

The sanlight is thus formed : — 

Nitre 1 

Sulphur 1 

Mealed powder . . .16 
Charpoal 4 

Lights are made by pressing lances or simi- 
lar compositions in a shallow vessel, or in 
cases of large diameter ; the burning surface 
being large, the light attains a great intensity. 
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Their composition is the following: — 

White. Tellow. Bod. Blue. Oreen. B«Bg»l. 



Nitn 16 


a 


5 


8 


24 


44 


Salphur 8 


4 


6 


2 


16 


4 


Mealed powder 4 


M 


M 


i< 


u 


4 


Nitrate of Hoda <« 


20 


M 


M 


<« 


16 


Lampblack ** 


. 1 


1 


M 


1 


44 


Nitrate strontia " 


<( 


20 


«« 


44 


44 


Sulphate copper «• 


tt 


tt 


4 


44 


<4 


Nitrate barjU " 


CI 


M 


u 


48 


44 


Antimony •♦ 


14 


« 


(• 


44 


2 



Petards are small paper cases filled with 
powder; one end is entirely closed, and the 
Other has only a small hole left for a piece of 
quick match to communicate fire to the pow- 
der. 

WheeU are made and driven like snn cases ; 
they are used to give a rotary motion to p]ece3 
mounted on an axis, and to produce at the 
same tim^ a brilliant fire. 

The wheel fires have the following compo- 
sition :— 



244 


OOLORKD FIKCS. 








CommoB. 


BrillUnt 


Chinese. 


White. 


Nitra 


6 


1 


1 


6 


Balphur 


1 


1 


1 


7 


Mealed powder 


16 


16 


7 


16 


CbATooal 


6 


<4 


u 


« 


Steel fllingf 


tt 


7 


it 


M 


Cast iron filings 


u 


a 


7 


it 



Soman candle is a loDg and strong tabe, 
charged with stars which are thrown out snc- 
cessiyely by a charge of powder placed under 
each star. 

Their composition is the following : — 

Nitre 6 

Sulphur 2 

Mealed powder . . .16 

Charcoal .... 6 

Leaders are long paper tubes of small diam- 
eter, inclosing a strand of quick match. They 
are used to communicate fire rapidly from one 
point to another. 

Streamera are composed of— 
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Nitre 

Sulphar . 
Mealed powder 
Charcoal 

Serpents are formed of — 
Charcoal . 
Mealed powder 

Oold rain is composed of 
Nitre 

Sulphur . 
Mealed powder 
Lampblack 
Flowers of zinc 
Gum Arabic 



2 

1 

16 

4 

2 
16 

16 
10 
4 
8 
1 
1 



SECTION V. 

FULMINATING POWDERS AND PERCUS- 
SION CAPS. 



CHAPTER XXXVII. 

HISTORY. 

Amokgst the industries of new creation 

• 

worth the attention of the science, is the fabri- 
cation of fulminating and percussion powders. 
The universal adoption of percussion arms for 
war purposes is the origin of the rapid develop- 
ment of this new fabrication. Then, if we con- 
sider that there exists a small number of manu- 
factures more unhealthful than that of the fulmi- 
nating powders, and none more dangerous, 
we shall see the utility of a work, the object 
of which is to indicate all the peculiarities of 
this fabrication, all its inconveniences and dan- 
gers, and at last the improvements to be ap- 
plied in the different processes. 
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In 1810, a gunmaker of Paris^ Mr. Prelat, 
introduced in France a lock-plate constructed 
on an English model, and in which the pow- 
der, composed by BerthoUet, was used for a 
primer, that is a composition in which the 
chlorate of potash took the place of ordinary 
powder. This powder took fire by the shock 
of a piston, on which fell the piece performing 
the functions of a hammer. 

At the same time Lepage began to dis- 
tinguish himself amongst those who were 
trying to surmount the difficulties connected 
with the use of primers inflammable by shock. 

Deboubert constructed also an ingenious 
gun ; and in 1812 Pauly took out a patent for 
a similar fire-arm which could be loaded at 
the breech, and among several advantages it 
presented was that of not being liable to injury 
from rain or dampness. 

The following year these fire-arms were 
improved, and in 1814 Brillat-Savarin an- 
nounced that Pauly's guns could be advanta- 
geously used in the army. 

However, notwithstanding the real advan* 
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tages that the falminating powders seem to 
have as percussion powders, advantages pro- 
claimed by all the savants, the snm of the in- 
conveniences ontweighed the advantages. 

The bad effects of the chlorate of potash 
were indicated in 1812 by Regnier, relatively to 
a new rifle invented by Gosset : Begnier de- 
clares that before this new gun could be of 
any use it would be necessary that the percus- 
sion powders should combine several essential 
qualities: 1st. Easy transportation without 
danger; 2d. That they do not ozidi2se fire- 
arms, as was th^ case with chlorate of pot- 
ash; 3d. That they do not absorb the damp- 
ness of the air, as was the case with fulminate 
of silver. 

Its previsions are now realized. In 1818 
Lepage invented a new fowling-piece in which 
the prime was not chlorate of potash nor fuk 
minate of silver, but fulminate of mercury^ and 
it is to the use of this compound that is due the 
revolution operated in the fabrication of fire- 
arms. From all the fulminates, that of mer- 
cury is the only one now used. 
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CHAPTER XXXVIII. 

FULHINATINQ COMPOUNDS. 

FuLUlNATiKa compoands are compositions 
which detonate with great force by a blow or 
bj friction. 

Many metals form such compounds which 
are not used in the fabrication of percussion 
powders, but we think it will interest the 
reader to know how they are made. 

Fulminating Antimony. 

I. 
Take- 
Tartar emetic • • 100 parts. 
Powdered charcoal . 8 '* 

Triturate together, put the mixture into a 
crucible filling it | full, cover with a layer of 



FULMINATINa OOMPOimDB. 261 

charcoal, lute on the cover, expose three hours 
to a strong heat in a reverberatory furnace, 
and let it cool six or seven hours. Transfer 
the solid contents as quickly as possible to a 
wide-mouth stoppered bottle, where after some 
time it will spontaneously crumble down into 
a powder. 

IL 
Take- 
Antimony . • . 100 parts. 
Carburetted cream tartar 75 '' 
Lampblack . . . 12 " 

Operate the calcination as above. 

When the above processes are properly 
conducted, the resulting powder contains po- 
tassium and fulminates violently in contact 
with water. A piece the size of a pea intro- 
duced into a mass of gunpowder, explodes on 
being thrown into water, or its being moistened 
in any other manner. 
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FuLMiNATiNa Bismuth. 
Take- 
Bismuth . . . 120 parts. 
Carburetted cream tartar 60 " 
Nitre .... 1 part 

Operate as above. 

It is very rich in potassium, and very ex- 
plosive. 

Fulminating Coppkb. 

Digest precipitated copper with fulminate of 
mercury or silver, and a little water. It forms 
solid green crystals that explode with a great 
flame. 

Fulminating Gold. 

Ist. Take: Becently precipitated peroxide 
of gold, and digest it for 24 hours in strong 
ammonia. Dry the resulting fulminate in the 
open air, or at a temperature below 180^, care 
being taken to avoid the slightest friction, lest 
it should explode. It is a deep olive-colored 
powder. 
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2d. Digest the terchloride of gold in an ex- 
oess of ammonia. It is a brownish-yellow 
powder. 

8d. Dissolve gold in the following: aqua 
regia, sal ammoniac, 4 parts; nitric acid 12 to 
16 parts, and precipitate with a solution of 
carbonate of potash. 

This compound can be safely made only in 
very small quantities at a time. Without 
great care it explodes with violence. This is 
caused by the slightest friction on sudden in- 
crease of heAt Its fulminating properties may 
be destroyed by boiling it in pearlash, lye, or 
weak sulphuric acid ; and by heating the residue 
after washing it in water pure gold will be 
obtained. 

Fulminating Platinum. 

Treat the sulphate of platina with an excess 
of ammonia. It is similar to the gold salt. 

Fulminating Zinc. 

Operate as for the fulminating copper; digest 
together fulminate of silver, zinc filings, and 
a little water. 
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Fulminating Silver. 

1. Digest oxide of silver (recently precipi- 
tated and dried by pressure between bibulous 
paper) in concentrated ammonia for 12 or 15 
hours ; pour olET the liquid, and cautiously dry 
the black powder in the air in divided por- 
tions. The decanted ammoniacal liquor when 
gently heated yields on cooling small crystals, 
which possess a still more formidable power 
of detonation than the black powder, and will 
scarcely bear touching, even whil^ under the 
liquid. 

2. Dissolve chloride of silver in strong am- 
monia, cautiously add pure pgtash in fragments, 
and when effervescence ceases decant the fluid 
portion, and wash and dry the powder as 
before. It is slightly less powerful than the 
last. 

8. Pour one ounce of alcohol on 100 grains 
of powdered nitrate of silver, previously placed 
in a capacious flask or beaker glass, and shortly 
afterwards add one ounce of strong nitric acid. 
As soon as all the powdered nitrate assumes 
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the form of white clouds, add cold distilled 
water enough to suspend the ebullition. Col- 
lect the powder on a filter, and proceed as 
before. 

4. Take 50 grains of metallic silver, dissolve 
it in f ounce of nitric acid at a specific gravity 
1.87, and add to the solution still hot, 2 ounces 
of alcohol, and apply heat until reaction com* 
mences; the fulminate slowly separates from 
the hot liquid under the form of small, bril- 
liant, white, crystalline plates, which after 
being slightly washed with a little cold distilled 
water, are distributed upon separate pieces of 
filtering paper, in portions not exceeding 1 or 
2 grains, and left to dry in the air. When 
dried, the papers are carefully folded, and pre- 
served in boxes or bottles. 

5. Take 1 part silver, and dissolve it in 10 
parts of nitric acid at a spec. grav. 1.87, add 
the solution to 20 parts of alcohol at 85^, apply 
gentle heat till the liquid begins to boil, re- 
move from the fire and set aside to oooL The 
fulminate of silver deposits in lustrous snow 
white, acicular crystals, and when washed and 
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dried, equals in weight that of the silver em- 
ployed. 

The fulminate of silver occars either in the 
form of a dark colored powder, or small bril- 
liant, acicular crystals or crystalline plates, ac- 
cording to the mode of preparation. It dis- 
solves in 86 parts of boiling water, but the 
solution deposits the greater portion of the 
fulminate as it cools. It is one of the most 
dangerous substances for which we are in- 
debted to chemistry. It explodes with unpa- 
rallelled violence by the slightest friction or 
percussion, or when touched by sulphuric acid. 
This occurs even when it is moist, if it is 
pressed by a hard body^ and when dried, the 
touch of a feather is often sufficient to explode 
it. Its explosive tendency is so great that it 
can hardly be made, handled, or kept with 
safety. 
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CHAPTER XXXIX. 

fulhinats of mebguby. 
Pbbparation. 

Thb following process has been indicated 
by Mr. Gaultier de Claubry. 

The mercury is dissolved by nitric acid in a 
glass flask with a short neck ; the liquid must 
fill it quite«^s, as it disengages a great quantity 
of nitrous vapors. The flask is placed under 
a chimney with a good draught. If there be 
no chimney the operation is performed in the 
open air, and a weak elevation of temperature 
is necessary. The proportions used are gene- 
rally 1} pounds of mercury and 18 pounds of 
acid. 

The dissolution is divided into 6 glass flasks 
to operate the mixture with alcohol. For this 
purpose, when the dissolution has a yellowish 
shade, the mercury having disappeared, leave 
it to cool for 8 or 10 minuteS| and pour it into 
17 
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the flasks. In the 5 flasks distribute 8 or 10 
quarts of alcohol at 95"^; often a very quick 
reaction is produced, and the fulminate de- 
posits. The operation is achieved when it 
does not disengage any vapor, and when the 
liquid becomes limpid. In many cases it is 
necessary to put a little fire under the flask in 
order to determine the reaction. In both cases 
there is a great disengagement of vapor, the 
action of which on the animal economy is very 
strong. It can, however, be condensed with* a 
receiver, into which will be found a certain 
quantity of mercury, alcohol, a kind of ether, 
and several other products. 

When the fulminate is well deposited, sepa- 
rate the mother water, and reunite it in two 
flasks in which a new quantity separates. 

Pour the fulminate into a wooden bowl, and 
after decantation wash it with about ^ of. its 
volume of cold water. 

The most convenient process is the one 
adopted in England, and indicated by Dr. Ura 
It gives the largest proportion of fulminate. 
. Dissolve at a gentle heat 100 parts in weight 
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of mercury in 1000 parts of nitrio acid at a 
spec. grav. 1.40 ; pour the dissolution, previously 
carried to ISl"", into 880 parts of alcohol of a 
density of 0.83. By measuring it takes one 
YoL of mercury, 7| of nitric acid, and 10 of 
alcohol. 

Dissolve the mercury in the acid in a tubu- 
lated glass retort, the neck of which commu- 
nicates with a glass receiver surrounded by 
cold water, to collect the distilled vapors. 

The condensed liquid is poured back into 
the retort. When all the mercury is dissolved, 
and the temperature is at 181^, pour slowly 
the solution into the alcohol contained in a 
glass flask, the volume of which must be at 
least six times as great as the liquor it has to 
contain. A few minutes after there begins, 
from the bottom of the flask, a light disen- 
gagement of gas, the quantity increases by 
degrees till it produces a quick ebullition ; it 
disengages by the neck of the flask a thick 
and whitish vapor forms, the greater part of 
nitrous ether, easy to inflame. 

Some have tried to condense the part of the 
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meronrj mecbanicallj carried away by this 
vapor; for this purpose they passed the vapor 
through a solution of subcarbonate of soda ; 
but as this process rendered the formation of 
the fulminate more difficult, and altered its 
quality, it has been abandoned. 

When the ebullition and disengagement of 
vapors have stopped, throw the whole on a 
filter, and wash the precipitate with pure and 
cold water until the washing water has no 
action on litmus paper. Take the filter, 
spread it upon a plate of copper heated by 
steam below 212^. Divide the diy precipitate 
into portions of 1^ to 1} drachms; shut it up 
in a paper, and afterwards in a large glass 
bottle. 

By the above process Ure obtains from 100 
parts in weight of mercury, ISO parts of ful- 
minate; then as 100 parts of mercury corre- 
spends to 142 of fulminate, the loss is of 8} 
per cent of the mercury employed. 

On a warm, clear day, one man with two 
assistants can make, and partially wash, one 
hundred pounds of fulminate in 10 hours. 
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CHAPTER XL. 

PHYSICAL AND CHEMIOAL PBOPSBTIES OF THE 
FULMINATE OF MEBCUBY — CONDITIONS OF 
BXPLOSIBILITY. 

The well prepared fulminate of mercury is 
in the form of bright, little crystals of a 
brownish-gray color ; they appear transparent 
when placed on a glass watch-crystal and 
humected with a few drops of water. 'They 
dissolve without residue in ISO parts of boil- 
ing water, and the solution deposits crystals 
by cooling. 

The fulminate of mercury decomposes with 
flame and explosion, by a shock, or when 
heated at 870^. It disengages nitrogen, car- 
bonic acid, and vapors of water and mercury. 

The conditions of explosibility in the fulmi- 
nate of mercury are very important to study 
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from the point of view of the salubrity. Thus 
we would remark that the explosion is much 
more easy under the influence of the shock, 
when the striking bodies are harder. The 
shock of wood against wood, or even iron 
against wood does not determine the explosion. 
It occurs very rarely between iron and lead ; 
oftener, but with difficulty, between glass 
and glass, marble and marble. It is always 
produced between iron and iron, less easily 
between iron and bronze, iron and copper; on 
the contrary, by rubbing, it is easily deter- 
mined between two wooden plates, less easily 
between two iron or two marble plates. 

Th6 largest crystals are those which deto- 
nate the most easily. *When the fulminate 
of mercury is humected with 5 per cent, of 
water, the part which is stricken alone deto- 
nates, and the inflammation is not spread to 
all the mass. 

When you add 80 per cent, of water, you 
can rub the fulminate, without any danger, on 
a marble plate. 
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All these ciroumstanoes are importanty and 
onght to be known by every manu&cturery 
foreman, workman, etc^ for they furnish useful 
information, and diminish the dangers of the 
fabrication of the fulminating powders. 
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CHAPTER XLI. 

EXPLOSIONS— FIRES AOT) OTHER ACCIDENTS 
PBODUCED BT ETHEREAL, FLUIDS OBTAINED 
IN THE FABRICATION OF FULMINATES — 
TREATMENT OF THE WOUNDED. 

When the necessary quantity of mercury is 
dissolved in the nitric acid, and the alcohol is 
added, we have seen the production of a lively 
reaction. The whole mass is strongly agitated, 
it disengages very abundant ethereal vapors, 
very inflammable, and have been often the 
cause of violent fires. At the moment that 
the mixture of nitrate of mercury, and alco- 
hol produces the fulminate of mercury, the 
glass flask, in which the operation is conducted, 
may be broken, and the liquid fall into the 
fire ; however, we think that this accident can- 
not result in any dangerous consequences, 
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because the considerable quantity of dissolu- 
tion will extinguish the fire, and the flame of 
alcohol inflame the powder with difficulty. 
But there are other dangers, more serious for 
the men, and which have their cause in the 
ethereal vapors. It is very important to give 
some details on this subject. Mr. Gaulthier 
de Claubry has devoted to it a long paper in 
the "Annales d'HygiJne Publique."* 

This chemist has added to his paper an ac- 
count of the accidents which he has himself 
passed through while preparing the fulminate. 
'^For the past three years," says Mr. Gaulthier 
de Claubry, "the fulminates have been pre- 
pared in open retorts, the volatile products 
spread in the atmosphere, and the men engaged 
in that work have often complained of serious 
pains." 

In the instructions annexed to his report, 
Mr. De Claubry observes that when the al- 
cohol acts on the nitrate of mercury, it disen- 
gages a great quantity of vapor. The effect is 

* October 8, 1839. 
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very decided on the animal eoonomy, but^ at 
this epoch this action had not been studied, it 
was later that some dreadful accidents led to 
begin its examination. Indeed the volatile 
products we have spoken of, were then without 
use, but some manufacturers, to increase their 
profits, tried to employ them, and one of them 
obtained a patent to extract the alcohol from 
the ethereal fluids. This extraction has fur- 
nished alcohol in a quantity sufiQciently large 
to introduce it in the trade. The process con- 
sisted in saturating with chalk the condensed 
liquid, and distilling the liquor separated from 
that product. 

Mr. Gaulthier de Claubry, while visiting the 
establishment in whieh this operation was 
practised, learned from the manufacturer him- 
self, that a man, while saturating the liquor 
with chalk, bad been suffocated, and another 
trying to take him away had been nearly suf- 
focated himself. The first had caused a great 
deal of uneasiness, on account of the violent 
nervous accidents which were manifested a 
short time after fainting away, and he was 
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siok several hours. ''I interrogated this man," 
says Mr. Gtaulthier de Claubrj, '^to know the 
kind of pain that he experienced. He could 
not tell me anything but that he was taken 
vnmediately with a violent headache; that his 
strength left him ; he cannot characterize the 
odor of the vapors. 

'^ While there I made a saturation. The 
ethereal liquid was in a pan, the chalk was 
thrown into it and stirred with a long pole. 
The men kept away from the vapors, and ad- 
vised me not to go near by. I examined care« 
fully the odor disengaged, and that of hydro- 
cyanic acid was very manifest. I was imme- 
diately taken with a violent headache, which 
dissipated only after a night's rest." 

These observations caused Mr. de Clau- 
bry to study more attentively the ethereal 
vapors we speak of. He ascertained that the 
products of the condensation on which they 
operate with chalk, have an agreeable smell of 
nitrous acid, and when they are inhaled for 
some time they occasion a painful sensation and 
headache. 
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Having treated with water tlie liquid pro- 
doct of the oondeDsatioD, it separates a more or 
less considerable quantity of a yellowish liquid, 
having a strong odor of nitrous ether. Having 
tried to reunite a certain quantity with a little 
pipette, after two or three operations he ex- 
perienced a whirling and a painful sensation 
of tightening in the head and the 'breast. *^A 
drop of the liquid having touched ray tongue,'' 
says he, "the pains became very strong, and 
the surrounding objects appeared to me as 
through a fog; a tingling in the ear added to 
these efieots. After a few seconds a shivering 
of the limbs was manifested, and I experienced 
the beginning of fainting. A bottle full of 
ammonia was near me; I had strength enough 
to open it and smell it, which revived me. 

''The pain in the breast was then very 
violent, that in the head insupportable ; I per- 
ceived the surrounding objects, and I breathed 
with difficulty. I then left the laboratory. 
The cephalalgy continued for 24 hours, and I 
was well again aSter three days.** 

Stricdy speaking, we can assimilate to those 
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efiects only those produced by the gaseous by- 
drocyanic acid. While, however, there are 
some differences in all the poisoning cases 
we have observed, we have never seen that 
pain at the posterior part of the head on which 
Mr. Gtaulthier de Claubry insists. 

The cephalalgj^is often noticed, but the seat 
is not indicated. It is an important question 
to study. 

Since the attention of the scientific world 
has been called to the effects produced by the 
inhalation of ether^ it is very probable that the 
effects, observed in the manu&cture of fulmi- 
nates, are prMuced independently of the hy< 
drocyanic acid, by vapors of ether. 

Without doubt, nitrous ether, the odor of 
which predominates in those vapors, plays an 
important part in the production of the phe< 
nomena, for nearly all the effects mentioned by 
Mr. Gaulthier de Claubry have been observed 
as a sequel of the action of sulphuric ether. 

What is the treatment to which the work- 
men, who experience the above accidents, are 
to be subjected? 
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It is evident that the precepts established 
by Orfila in cases of poisoning by hydrocyanic 
acid* mast be followed. He says that the in- 
spiration of a slightly ammoniacal water cures 
poisoning by this acid by stimulating the ner- 
vous system. 

Mr. Simon has proposed chlorine as an an- 
tidote of hydrocyanic acid, and Orfila has 
shown that chlorinated water administeredi 
even five minutes after poisoning, revives life. 

In every case the action of fresh air is useful ; 
it is then necessary to carry the person imme- 
diately to the open air, and far from the place 
of operation. 

Happily, those accidents are now very rare, 
or rather are without examples. Nevertheless 
the dangers to which the workmen are exposed 
have attracted the attention of chemists, and 
we owe to Mr. Ghaudelon the construction of 
an apparatus destined to avoid them.f 

* Annales d'H/gf^ne, rol. i. 

t Annales d'Bjgi^e, January, 1847, page 216. 
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ThiB apparatus, represented below, is com- 
posed : — 



Fig. 11. 
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Ist. Of two glass balloons, A of 10 gallons 
capacity resting on a frame, and in which are 
introduced the matters proper to prepare the 
fulminate of mercury. Each of these balloons 
has on the upper part of its neck a wooden 
oollar Bj covered with a sheet of lead, and 
adapting very tightly the collar by its circular 
groove O) forming a hydraulic fastening with 
the pipes (7,Q which join the balloon to the 
apparatus of condensation. These tubes are 
supported by iron rods fixed in the floor of 
the room. 

2d. Of a series of four earthen demijohns, 
Dfifi^D^ provided at their lower part with a 
cork E^ and carrying at their upper part tubu- 
latings, hjkjk^ with hydraulic fastenings, in 
which adapt the earthen tubes Q^Q,Q^Q^ which 
put all the demijohns in communication. Each 
demijohn has a capacity of about 22 gallons. 
The first has three tubulatings, the others have 
only two. 

8d. Of an earthen pipe H^ fixed in the wall, 
and carrying the deleterious vapors in the 
chimney. 
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4th. Of an earthen pipe F^ fixed in the floor 
of the shop, and receiving from each cork the 
liquids condensed in the demijohns to conduct 
them in the satutaUng pan, which is outside of 
the room in the open air. 

The apparatus being ready to work, pour in 
each tubulating h the necessary water to fas- 
ten ^ take out the pipe C^ and introduce in one 
of the balloons 1^ gallon of alcohol at 95^. 
Dissolve separately 12 ounces of mercury in 
8J pounds of warm nitric acid at 86®, when 
the dissolution is achieved, and the temperature 
is at 176^, pour it into the balloon containing 
the alcohol. The pipe being put back to 
its proper place, fill with water the groove of 
the collar, and leave the operation to itself. 
A few minutes after the reaction begins, and 
the vapors pass through the demijohns in which 
they condense. The portions which escape 
the condensation are carried away through the 
chimney. 

During the operation the assistant has to 
pour from time to. time cold water into each 
tubulating, to take the place of that which has 
18 
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grown warm. When the reaction is achieved| 
take oat the pipe £7, being carefal to shat im- 
mediately with a glass bell the tabulating left 
open, and proceed with the second balloon to 
the next operation. With the above propor- 
tions yon obtain 20 oanoes of damp fulminate, 
or 15 ounces when dry, and S} quarts of con- 
densed liquor. 
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CHAPTER XLII. 

PRESERVATION OF THE FULMINATE OF MER- 
CURY. 

The fulminate of mercury prepared, as we 
have said above, is put awaj, and can be kept 
any length of time. This preservation requires 
great care. Generally the fulminate is depos- 
ited in a wooden tube, and kept under water. 
The tube must be covered with a black oil 
cloth covercle fixed on a barrel hoop larger 
than the tub, the edges being well fixed by 
means of little nails in the inside of the hoop. 
It is the oil cloth itself which must rest on the 
edges of the tub. In this way it covers it uni- 
formly, and if any particles of fulminate become 
attached to it, it is very easy to take it out by 
using a damp sponge. The tub is thus not 
liable to many of the chances of accident which 
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might proceed from the aae of a wooden cover- 
de, or the fall into the fulminate of some foreign 
matters. It is principally during the cleaning 
of the room that the tub must be covered* A 
few grains of a hard matter would cause the 
detonation of the whole. 

We cannot insist too much on the necessity 
of keeping the fulminate always covered with 
sufficient water, and when any is taken out, be 
careful not to have any part adhering to the 
edges of the tub. 
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CHAPTER XLin. 

PBXPAEATIOK OF PXBOUSSIOK POWDSB. 

To make the mixture of the fnlmiDate of 
mercury with the nitre, they generally take 
the latter one into small pieces, and grind it 
with the falminate. To manufacture in snch 
a manner is very dangerous, also it is very 
important to observe all the directions pre- 
viously given, and which consist in the use of 
the nitre previously reduced to a fine powder^ and 
being careful to slightly humect it after having 
spread it on a large surface. This done, throw 
on it the. fulminate, which is mixed with a 
wooden or horn spatula. The grinding is ef- 
fected on a polished marble table, three feet 
by six. Black marble is preferable to white, 
because the powder remaining on some places 
can be more easily distinguished. 
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To effect the grindiDg, begin to raise the 
substances with the spatala, and terminate 
the operation with a wooden roller. The best 
wood to use is the boxwood. This operation 
most be done very carefully, and the grinding 
must be slightly and carefully done to avoid 
detonations, which are, of course, more dreadful 
as the quantities are more considerable. The 
marble and the paste must always be damp, 
for after a certain "degree of desiccation, the 
explosion will be unavoidable, even with a 
very light pressure. It is well understood 
that it is necessary to operate on small masses 
at a time, and divide into small fractions the 
prepared fulminate. The quantity of nitre is 
half that of the fulminate, the mixture thus 
consisting: 2 parts of fulminate for 1 of nitre. 

The mixture being made, take the paste 
with the spatula, but whatever be the care 
taken, it is impossible not to leave on the table 
a little fulminating matter that the desiccation 
will render explosive. We shall repeat here 
what we have said about matches. The table 
must be immediately washed with a sponge, 
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and as the sponge itself will have adhering to 
it fulminating matters, wash it well in a pail 
of water. It will be dangerous to crush di- 
rectly the little grains obtained during the 
aboye operation. By thus operating, accidents 
can be avoided. The following is the way 
to treat those grains without any danger. 
Wet with a sponge a varnished jar, throw into 
ft the damp powder, some mist of the same 
operation, then the grains that you cover with 
some damp powder. 

Leave the mixture all night, and the next 
day, raise the matter with the hand, and with 
a spatula carefully operate the mixture. 

That paste is divided on blotting paper, and 
carried to the drier. 
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CHAPTER XLIV. 

OOBNING or THE POWDER — DESICCATION— 
8EFABATI0N OF THE POWDEB FROM THE 
HIST— PBESBRYATION OF THE POWDEB. 

COBNING OF THE PoWDEB. 

When the fulminating matter baa been suf- 
ficiently drained in the dryer, oom it on a bair 
Bieye fixed above a wooden table, by pressing 
it slightly with the fingers. This dangerous 
operation requires as much precaution as 
above. Too great a friction, especially if it be 
in the mass some parts too dry, will produce 
an explosion. 

Thus, notwithstanding every care, the mass, 
which is sifted, can easily arrive at a degree of 
desiccation which renders it dangerous ; it is 
very important to put on the sieve but very 
little powder; and, after each operation, dip 
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the sieve into water, and before sifting, when 
there has been a certain intenral between the 
two operations. 

We have said that the corning is done on a 
wooden table. We think it will be better to 
coyer that table with a black oil cloth well 
spread, which permits observation of the small 
quantities of powder which can be taken ont 
easily with a damp sponge. The operation 
will be less dangerous by spreading under the 
oil cloth two or three thick woollen sheets, on 
which the shock of the sieve or other hard 
body will be without inconvenience. 

The corned powder, mixed with mist, is 
poured into a sheet iron box of 12 to 14 inches, 
the angles are covered with wood to avoid the 
particles of powder penetrating into the cor- 
ners. Shake this powder to give it a little 
consistency, and it is good to cover the inside 
of the box with sheet-tin to render the clean- 
ing more easy. At last, to avoid explosions 
which might be produced by grains of powder 
interposed between the covercle and the box, 
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it 18 essential to ooyer the edges with a lamina 
of lead i of an inch thick. 

Desiccation. 

To dry the corned powder, pat it on sheets 
of gray paper, in boxes made of white wood, 
which are carried into the oven, and disposed 
on shelves. 

Sepabation of the Powder and the Mist. 

When the powder is sufficiently dried, it is 
carried back into the corning shop, where it is 
poared on a hair sieve which separates the 
mist. 

Pbeservation op the Powder in the 
Magazine. 

When the separation of the powder and the 
mist is effected, put the powder into bottles 
which must not contain more than 10 pounds. 
These bottles must be surrounded by braids of 
cane covered with a skin, and placed on shelves 
conveniently disposed. 

When you want to use the powder to pre- 
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pare the caps, begin to transvase it ; pour it 
with a paste-board faiiDel from the bottles 
which contain it into small bottles of varnished 
leather. They are carried into the shop, and 
placed in a box covered with leather, near 
each woman who uses it according to wants. 
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CHAPTER XLV. 

FABRICATION OF PEBCUSSIOK CAPS. 

The oap for email arms is made of copper. 
It is very slightly conical, with a rim or flange 
at the open end. It has four slits extending 
about half the height of the cap. 

The cap is charged with the above percus- 
sion powder. To protect the powder from 
moisture, and also to secure it firom falling out, 
it is covered over, in each cap, with a drop of 
pure shellac varnish. 

The copper for making the caps is obtained 
-in sheets, 4 feet long and 14 inches wide, 
weighing S pounds; a variation of 4 ounces, 
more or less, is allowed. The copper should 
be pure, free from seams, holes, or blisters, 
well annealed, and as evenly rolled as possible, 
with straight and smooth edges. 
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The copper is cleaned by immereion in a 
pickle, made of 1 part in meaanre of aulpbnrio 
acid, and 40 parts of water; it is scoared with 
fine Band and a hand-brash, and washed clean 
in running water, after which it is well dried 
in clean sawdust, and rubbed oyer with a cloth 
slightly oiled, when it is ready for the ma- 
chine. 

Making and Filling the Caps. 

Both of these operations are^ performed by 
the same machine. The sheet of copper is ad- 
justed on the table of the machine. The hop- 
per is filled with the percussion powder, and 
the machine put in motion. 

The star or blank is cut by a punch, and 
transferred to a die where it is formed into a 
cap by a second punch. The cap is caught in 
the notches of the revolving horizontal plate, 
and carried, first under the hopper containing 
the percussion powder, where it receives its 
charge of | a grain, and then under a punch 
which drives the charge firmly into the cap. 
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and lastly, to the drop hole, where it fidla into 
the reoeiying drawer. 

The hopper is supplied, from time to time, 
from the } pound box, while the machine is at 
rest, using a small copper scoop for the pur- 
pose, and the box returned to its special closet, 
at least one yard from the maohine and above 
its leyel, before the machine is put in motion. 

As a cap is occasionally exploded under the 
punch in charging, all dust of percussion pow- 
der should be frequently removed, and only a 
small quantity of percussion powder kept in 
the hopper. The receiving drawer should be 
emptied after each sheet of copper is completed. 
2814 caps are made from each sheet 48 inches 
long and 14 wide. 

The average work of ten hours, including 
all necessary stoppages, is 81,000 caps for each 
machine. 

Preparation op the Varnish. 

Dissolve 1 pound of the best gum shellac in 
1 quart of rectified alcohol at 95^. The solu- 
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tion is made most readily at a temperature of 
about 120^. It must be stirred frequently till 
all the gum is dissolved. It is made and fit 
for use in four hours. 

The varnish is best made and kept in glass 
vessels. 1 quart of alcohol and 1 pound of shel- 
lac make 1.46 quart of varnish ; a small quantity^ 
of alcohol is occasionally added to thin the 
varnish when it is used. 

Eighteen quarts of varnish are required for 
1,000,000 caps. Two quarts of alcohol are 
required for thinning the varnish. 

Yabnishing the CApa 

The caps are put into holes in counting 
plates, made of sheet brass, 15 inches by 12 
inches, 0.5 inch thick, held in a frame of 
brass rods .85 inch square. This is quickly 
done by taking a parcel of caps on the plate, 
and shaking it sideways ; the caps settle them- 
selves on the holes. When the plate is filled, 
the defective caps and those which have lost 
their charge are easily detected by the eye, 
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and are replaced by perfect ones. The plate 
is placed on its bed in the yamishing machine, 
which is worked by hand, and each row of 
caps is brought in turn under a row of wires, 
which are alternately dipped into a pan of var- 
nish, and then into the caps, leaving in each a 
drop of varnish. 

The quantity of varnish placed in each cap 
can be regulated by the size of the wires, or 
by the depth to which they enter the varnish. 
The caps remain in the plate thirty to forty 
minutes, when the varnish is sufficiently set to 
allow of their being turned into a tray for dry- 
ing. These trays are of wood, 1| foot long, 
1 foot wide, and 1 inch deep, and contain 2500 
caps. The caps remain in the trays for three 
days, in a room heated to about 100^. They 
are then put into bags, and kept at the same 
temperature for ten days longer before they 
are packed in boxes. 

One boy can count and varnish 7000 caps 
in an hour. 
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Materials rsquibed fob 1,000,000 Caps* 

For the Caps. 

1800 poands of sheet copper, of which about 
i is retarned in scraps. 

For the Poioder. 



Mercury . 
Nitric acid 


. 42 lbs. 
. 886 " 


Alcohol 


. 882 « 


Nitre 


. 24 " 



For the Varnish. 

6am shellac • . 10 lbs. 
Alcohol . • . 12 qaarts. 

For Bags. 
31 yards of cotton dack, .75 yard wide. 

For Boxes. 
150 feet of white pine board. 

Experience has shown that it is not safe to try 
to wash the percussion powder from partly filled 

* Ordnance liannal, 1861. 

19 
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caps. A lot of unyarnished caps, imperfectly 
filled, being soaked in water for several days, 
became coated with a substance much more 
explosive than the original fi^lminate. The 
percussion powder must be burned, and the 
cap polished by rolling in a dust barrel. 

Fbigtion Peiubb fob Cannons. 

The friction primer for cannons is a small 
brass tube filled with gunpowder, which is 
ignited by drawing a rough wire briskly 
through friction composition, contained in a 
smaller tube inserted into the first near the 
top, and soldered at right angle to it. A lan- 
yard with a hook attached is used to ignite 
the primer. 

The friction composition is made of— 

Sulphuret of antimony , . . 2 parts. 
Chlorate of potash , . .1 part. 

Moistened with gum water, 50 grains of 
gum Arabic in 2 ounces of water to 1 pound of 
composition. 
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The materials are first pulverized separately, 
mixed together dry, moistened with the gum 
water, and ground in an iron mill, such as is 
used for grinding paints. 

The friction primer is composed of 1 large 
tube^ 1 ahort iube^ 1 loire rubber^ friction composi- 
HoTij musket powder and wax. 

The long tube is made from a circular disk 
of No. 19 sheet brass, 0.62 inch in diameter, 
by means of a series of five punches and dies, 
gradually diminishing in size to the last which 
is of the required size with the tube. The 
brass must be annealed before each punching. 

The tube is cut to the prescribed length, 
measuring from the closed end by means of a 
.circular saw, and the holes for the short tube 
and wire rubber are drilled, and the burrs re- 
moved. Length of the long tube 1.75 inch ; ex- 
terior diameter 0.19 inch ; interior diameter 1.75 
inch; diameter of holes 0.15 inch, and 0.06 inch. 

The shoft tube is formed from the long one 
by using two additional punches and dies, re- 
ducing the size each time. It is cut to the 
proper length by circular saws placed at the 



292 FULIONATIKG FOWDEBS, ETC. 

required distance apart, and the barr remoyed 
by rolling in a barrel. Length of the short 
tube 0.44 inch, exterior diameter 0.15 inch| 
interior diameter 0.133. 

One end of the short tube is dipped into a so- 
lution of chloride of zinc, inserted in the hole 
drilled in the long tube, heated to redness in 
the flame of a spirit lamp, and soldered with 
soft solder ; it is then washed and dried. 

The tvire rubber is made of No. 16 brass 
wire annealed, cnt to the proper length, and 
pressed flat at one end by a machine for that 
purpose. The flat end is trimmed by a punch 
and die with dentated edges, and the tip is an* 
nealed in the flame of a spirit lamp. Length 
of wire 8.4 inches, length of flattened end 0.65 
inch. 

Ghabging and YABiaSHING. 

The small tube is charged by pressing the 
open end in the friction composition spread on 
a flat piece of iron, and brought to the consis- 
tency of soft putty, the long tube being dosed 
its whole length with a wooden or metal plug. 
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A conical hole is made in the composition 
while yet moist, with a conical drift, and the 
surplus composition removed ; the wire rubber is 
passed through the short tube and through the 
small hole in the long tube, the round end first, 
leaving the annealed tip projecting out of the 
open end, which is then closed by pressing the 
top and bottom together firmly with pincers, 
and bending the tip against the bottom. 

The end of the wire rubber is doubled on 
itself and twisted, leaving a loop 0.2 inch 
diameter, and then bent alongside the long 
tube for packing. 

The head of the long tube, including the 
short tube and the joint, is dipped into shellao 
varnish colored with lampblack. 

When dry, the long tube is filled with mus- 
ket powder, and cleared with beeswax mixed 
with one-third its weight of pitch. 

Both ends are touched with varnish, and the 
tube thoroughly dried. 
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Materials rkquirkd for 10,000 Friction 
Primers. 

66 lbs. sheet brass No. 19. i about 36^ lbs. re- 

20 lbs. brass wire No. 16. ) tamed in scraps. 

1.25 lb. solder. 

2.83 lbs. chlorate of potash. 

2.66 lbs. sulphuret of antimony. 

0.65 lb. beeswax and pitch. 

11.00 lbs. musket powder. 

1.25 quart varnish (0.75 lb. shellac, 1 quart 
of alcohol, 0.25 ounce lampblack). 

44 sheets of common tin are required for 100 
tin boxes. 
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CHAPTER XLVI. 
Application of Gun Cotton and Paper to 

THE FaBBIOATION OF CaPS. 

Since the discovery of pyroxylio products, 
the question relative to the fabrication of caps 
can be considered in a new aspect. 

Will it not be possible to supersede the use 
of the fulminate of mercury in the fabrication 
of caps ? 

If the facts are not numerous yet, and if the 
experiment is not sufficient enough to answer 
this question, the experiments of Mr. Pelouze 
deserve great attention. 

At a meeting of the AcadSmte des Sciences^ 
this savant speaks thus:— 

^'If we put a small quantity of nitric paper 
or gun cotton on an anvil, and strike it with a 
hammer, a detonation is heard ; a great part of 
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the matter has not been burned, and to have a 
complete inflammation the percussion must be 
repeated several times. The same thing oc- 
curs when the pjroxyline is introduced into a 
cap and tried in a gun. The greater part of 
the substance is not destroyed, and obstructs 
the chimney. The inflammation thus stopped 
is rarely communicated to the powder, princi- 
pally when it is ordinary powder. 

*' It is probable that by modifying the chim- 
ney this defect could be avoided, and it could 
be possible to overcome the disadvantages 
connected with the pyrozyline in the stage of 
disaggregation in which it is found in the cotton 
or paper. In either case this matter was used 
alone to prepare percussion powder. By sub- 
stituting for the paper or cotton the pyrozyline 
prepared with very fine tissues of hemp, linen, 
and introducing these substances into the caps, 
a detonation as strong as with the fulminate 
of mercury is produced.'* 

The opinion of Mr. Pelouze was not adopted 
by every chemist, and Mr. Dumas again called 
attention to the fact that the pyrozyline by 
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burning in the open air gives nitrous vapors. 
He observed that this powder used in the per- 
cussion powder will inevitably form nitrous 
acid ; and he was disposed to believe that fire- 
arms cannot resist, that they will be quickly oxi- 
dized if the fire is communicated by the py- 
roxyline. 

Mr. Pelouze made some new experiments. He 
studied the action of the new powder on fire- 
arms, and his essays were repeated by several 
manufacturers and a gunsmith, and the result 
was shown to be that the pyroxyline has no 
more destructive action than the fulminate of 
mercury and the nitre, and this result, says 
Mr. Pelouze, has nothing extraordinary. Why 
nitrous vapors, by supposing some formed 
during the combustion of the pyroxyline, which 
is doubtfbl, be more destructive to firearms 
than the sulphuret of potassium, the formation 
of which in barrels and chimney us consistent 
with ordinary powder? A priori it is more 
logical that the presence of an adhering solid 
body ought to be more noxious than a gas. 

Mr. Pelouze maintains that the difference es- 



298 FTJLMINATINO POWDERS, ETC. 

tablisbed by Mr. Damas between tbe combus- 
tion in the barrel of a gun and that of the cap 
could not exist. ' 

New experiments, confirming those of Mr. 
Felouze, have demonstrated that if gun cotton, 
used alone as percussion powder, has badly 
succeeded, this cotton pressed with a few 
grains of ordinary powder in new caps answers 
very well; that the powder determines the 
combustion of the totality of the pyroxyline, 
and the inflammation is communicated easil/ 
to the charge. Charcoal and sulphur asso- 
ciated with the pyroxyline have given very 
good results. 

•Mr. Vrij, professor of chemistry at Amsterdam, 
has ascertained that starch treated by mono- 
hydrated nitric acid, swells, and is transformed 
into xyloidine. As pyroxyline is soluble in 
monohydrated nitric acid, if concentrated sul- 
phuric acid is added to this solution, all the 
pyroxyline is precipitated into a white pow- 
der, which has all the primitive properties 
except the form. The question which has not 
been answered yet, is, 'whether this powder 
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can be utilized in the preparation of percnssion 
powder. 

More conld be said on this snbject, bnt we 
think it of no use to do so in advance of ac- 
tual experiment. A time will come, we have 
no doubt, at which this product will take the 
place of metallic fulminates. 
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CHAPTER XLVIL 

DISPOSITION OP PACTORIKS— PRBSKRVATION AND 
TRANSPORTATION OP PERCUSSION POWDER 
AND CAPS, 

As in the &brication of matches, every room 
must be isolated, indeed each one be a small 
building composed of a single room, without 
stairs, and of wood. 

The room in which the fulminate is piepared 
must not only be isolated, but also situated 
at a great distance from the others, so that the 
ethereal products, in case they take fire, can- 
not communicate it to the other parts of the 
establishment. 

The barrels of alcohol must be kept separate. 
The magazine is constructed as &r as possible 
from the shop. The dryer and the room for 
sieving are the parts of the establishment 
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whioh require the most complete isolatioD. 
Above all things the factory must be distant 
from any other buildings. 

It is very important to have no fire in the 
rooms, and the light must be good enough not 
to be under the necessity of using any artifi- 
cial light 

OvBir. — It is necessary to have the shelves, 
which receive the powder very slightly ele- 
vated, so that the boxes can be taken with the 
hand without using a ladder. No wo^k must 
be done in the oven ; the papers used to cover 
the boxes are thrown into water acidulated 
with hydrochloric acid, in case it be needed to 
collect the mercury. 

SoTiKG. — It is dangerous to use metallic 
sieves, and they must be covered with a lead 
band on their lower edge. 

Magazine. — ^This part of the establishment 
must have a double door with an interval 
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between, and it most be provided with a light* 
ning rod. 

The powder contained in the magazine is 
kept in wood or leather bottles, but green 
glass bottles are better if they are surrounded 
by cane braids, which present resistance enough 
not to break in case of. receiving a &1L The 
rule must be established that one person alone 
has admittance into the magazine. 

DscANTATioN. — ^This is one of the operations 
which require the most care, and it must be 
done far from the magazine and in the open air. 

With the precautions above indicated it is 
easy to prevent those accidents which occur 
during the different operations, principally the 
grinding, sifting^ and decaniaiion. 

The face of the man must be covered with 
a liglit shield to prevent its being hurt in case 
of explosions. 

Transportation op Percussion Powder. 

It is very important to have the percussion 
powder prepared near the cap factory, because 
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with all preoautionsy the damp fulminate may 
produce very violent explosions, and be the 
cause of serious accidents. Then we insist on 
this point, that the percussion powder ought to 
be manu£Euitured near to the factory where it is 
to be used. 

We have said above that some manu&c- 
turers have tried to utilize the volatile product 
resulting from the preparation of the fulminate. 
This alcohol does not contain hydrocyanic 
acid, but it requires great care and attention 
to have none pass at the distillation. 

This alcohol, according to Mr. Gaulthier de 
Claubry, can be used over again in the prepa- 
ration of the fulminates for making varnishes 
and a few chemicals, but it is dangerous to 
to use it to manufacture liquors, for without 
doubt it acts as a deadly poison. 

Packing of FiacnoN Primkks for Cannon. 

The tubes are first put up in bundles of ten 
each, wrapped in water-proof paper ; ten bun- 
dles are packed in a tin box painted or ja- 
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panned. 100 tin boxes are packed in a box 
made of 1 inch white pine boards, dovetailed. 

The contents of the tin box, place and year 
of &brication, are stamped on the lid, and the 
number of the box marked on the front side. 
The contents of the wooden box are marked 
on each end. 

Dimensions of the tin box, length 4.6 inches, 
width 2.85 inches, depth 2.86 inches. 

Dimensions (interior) wooden box, length 
20.5 inches, width 12.00 inches, depth 9.6 
inches. 

Weight of the box containing 100 primers, 
.8847 pound. 

Weight of wooden box containing 10,000 
primers, 106 poands. 

Packing of Percussion Gap& 

The caps are pnt into bags of strong cotton 
duck, 10,000 in a bag, and ten bags are packed 
in a wooden box. The box is lined with thick 
paper, the bags are packed in tow, and the 
cover is fastened with six 2 inch wood screws. 

Bags and Packing Boxes. — The bags are 6 
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iDches in diameter, and 13.6 inches deep. They 
are made with circular buttons, like cartridge 
bags for field service. 

They are marked with the number of the 
bag, the contents, the place, and date of fabri- 
cation. 

The packing booces are made of 1 inch white 
pine, dovetailed ; they have brackets for rope 
handles on the ends, are painted olive color, 
and marked on the ends with the number and 
kinds of contents, and on the inside of the 
corner with the place and date of fabrication. 

Interior Dimensiom. — Length 28.75 inches, 
width 12 inches, depth 8.5 inches. 

Weights of 1,000,000 caps, 944 lbs.; bags 
with 10,000 caps, 9.625 lbs; packing box, 26 
lbs; box packed with 100,000 caps, 127 lbs. 

Tbanspobtation op Caps. 

The boxes are* carried into the store room, 
and from there distributed for the consump- 
tion. The transport from the shop to the 
store does not present much danger. It is a 
well known fact, that in a box a cap may ex- 
20 
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plode without commnnioating fire to the others. 
Baty if the aocidents are rare, this transport 
must be done carefully, and all we have said 
about matches can be applied in this case. 

The avoidance of aocidents in their preser- 
vation is worthy of much serious attention, 
and the retailer must act with them, at least, 
as carefully as with gunpowder. They must 
be kept separate, and in places where there is 
no danger of their falling down. 
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RECENT IMPROVEMENTS IN GUN COTTON. 

At the British Association meetings of 1862| 
a committee of chemists and physicists . was 
appointed to inquire and report on the so-called 
Avstrian gun cotton. The report was published 
in the last meeting by Dr. Gladstone and Mr. 
J. Scott Bussell ; and we think it will be inte- 
resting to our readers to be acquainted with 
the principal parts of this paper.^ 

* We are mainlj indebted for the following pages to an 
abstract of this report, given in the <* Annual of Scientiflo 
Disooyeiy/' 1864, p. 47, and to an able and interesting ar- 
ticle on gun cotton in the ''United States SerWoe Maga- 
sine," April, 1864, P- 3^- 
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Chemical Report. 

Since the discovery of gun cotton by Schon- 
bein its application to war purposes has been 
frequently thought of, and many experiments, 
with a view of using it, have been made, espe- 
cially by the French. Such serious difficulties 
have, however; presented themselves that the 
idea gradually came to be abandoned every- 
where but in Austria. Here experimenting 
was kept up, and it having been reported on 
good authority that the experimenters had suc- 
ceeded in overcoming many of the difficulties 
encountered elsewhere, the committee of the 
association applied to the Austrian Govern- 
ment for information, which was furnished to 
them. The following is a summary of the 
more important facts elicited. In the first 
place, the gun cotton prepared by Baron Von 
Lenk, the inventor of the Austrian system, 
differs from the gun cotton generally made in 
its complete conversion into a uniform chemi- 
cal compound. It is well known to chemists 
that, if cotton is treated with mixtures of strong 
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nitric and sulphurio acids, compounds may be 
obtained varying considerably in composition. 
Though they all contain the elements of nitric 
acid, and are all explosive. 

There is one part of the process not yet 
alluded to, and the value of which is more 
open to doubt. The treatment of the gun 
cotton with a solution of silicate of potash, com- 
monly called water-glass. Some Austrian che- 
mists think lightly of it; but YonLenk considers 
that the amount of silica set free on the cotton 
by the carbonic acid of the atmosphere is really 
of service in retarding the combustion. He 
adds that some of the gun cotton, made at the 
imperial factory, has not been silicated at all, 
and some imperfectly; but when the process 
has been thoroughly performed, he finds that 
the gun cotton has increased permanently 
about three per cent, in weight. 

It seems a disadvantage of this material as 
compared with gunpowder that it explodes 
at a temperature of 277°; but, against the 
greater liability to accidents from this cause 
may be set the almost impossibility of ezplo- 
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sion during the process of mannfactnre, since 
the gun cotton is always immersed in liquid, 
except in the final drying.* Again, if it should 
be considered advisable at any time, it may be 
stored in water, and only dried in small quan- 
tities as required for use. The fact that gun 
cotton is not injured by dampness like gun* 
powder, is indeed one of the recommendationSi 
while a still more important chemical advan- 
tage, which it possesses, arises fix>m its being 
perfectly resolved into gases on explosion, so 
that there is no smoke to obscure the sight of 
the soldier who is firing, or to point out his 
position to the enemy, and no residuum left in 
the gun to be got rid of before another charge 
can be introduced. 

* In ten jeara' experience it is prored that this tem- 
perature is snffioientlj high to insure safety of manipu- 
lation : 277^ is an artificial temperature ; and artificial 
temperatures, accidentally produced, are generally high 
enough to ignite guhpowder. The greater liability to 
accident from this cause can, therefore, scarcely be ad- 
mitted. 
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Physical Report. 

Mr. Bossell stated that greater effects are 
prodaoed by gases generated from gun cotton 
than by gases from gunpowder, and it was 
only after long and careful examination that 
the committee were able to reconcile this fact 
with the low temperature at which the me- 
chanical force is obtained. The great waste of 
force in gunpowder constitutes an important 
difference between it and gun cotton, in which 
there is no waste. The waste in gunpowder 
is 68 per cent of its own weight, and only 32 
per cent, is useful. This 68 per cent, is not 
only waste in itself, but it wastes the power of 
the remaining 82 per cent. It wastes it me- 
chanically by using up a large portion of the 
mechanical force of the useful gases. The 
waste of gunpowder issues from the gun with 
much higher velocity than the projectile, and 
if it be remembered that in 100 pounds of 
useful powder this is 68 pounds, it will appear 
that 32 pounds of useful gunpowder gas is 
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wasted in impelling a 68 pound shot composed 
. of the refused gunpowder itsel£ 

There is yet another peculiar feature of gun 
cotton. It can be exploded in any quantity 
instantaneously. This was once considered its 
great fault, but it was only a fault when we 
were ignorant of the means to make that ve- 
locity anything we pleased. Baron Von Lenk 
has discovered the means of giving gun cotton 
any velocity of explosion that is required, by 
merely the mechanical arrangement under 
which it is used. Gun cotton, in his hands, 
has any speed of explosion, from one foot per 
second to one foot in jjf^^-^ of a second, or to 
instantaneity. The instantaneous explosion of 
a large quantity of gun cotton is made use of 
when it is required to produce destructive 
effects on the surrounding material. The slow 
combustion is made use of when it is required to 
produce manageable power, as in the case of 
gunnery. It is plain, therefore, that if we can 
explode a large mass instantaneously, we get 
out of the gases so exploded the greatest pos- 
sible power, because all the gas is generated 
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before motion commences, and this is the con- 
dition of maximnm effect. It is fonnd that the 
condition necessary to produce instantaneous 
and complete explosion is the absolute per- 
fection of closeness of the chamber containing 
the gun cotton. The reason of it is that, the 
first ignited gases must penetrate the whole 
mass of the cotton, and this they do, and create 
complete ignition throughout only under pres- 
sure. This pressure need not be great For 
example, a barrel of gun cotton will produce 
very little effect and very slow combustion 
when out of the barrel, but instantaneous and 
powerful explosion when shut up within it. 
On the other hand, if we desire gun cotton to 
produce mechanical work, and not destruction 
of materials, we must provide for its slower 
combustion. It must be distributed and. 
opened out mechanically, so as to occupy a 
larger space, and in this state, it can be made 
to act even more slowly than gunpowder, and 
the exact limit for purposes of artillery Von 
Lenk has found by critical experiments. In 
general it is found that the proportion of 11 
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pounds of gun cottoui occupying one cubic foot 
of space, produce a greater force than gun- 
powder, of which from 60 to 60 pounds occupy 
the same space, and a force of the nature re- 
quired for ordinary artillery. Bat each gun 
and each kind of projectile requires a certain 
density of cartridge. Practically, gun cotton 
is most effective in guns when used as ^ to ^ 
weight of powder, and occupying a space of 
1^ of the length of the powder cartridge. 
The mechanical structure of the cartridge is of 
importance as affecting its ignition. The car- 
tridge is formed of a mechanical arrangement 
of spin cords, and the distribution of these, the 
manner and place of ignition, the form and 
proportion of the cartridges, all affect the time 
of complete ignition. It is by the complete 
mastery he has gained over all these minute 
points that Yon Lenk is enabled to give to the 
action of gun cotton on the projectile any law 
of forces he pleases. 

Gun cotton is used for artillery in the form 
of a gun cotton thread or spun yarn. In this 
simple form it will conduct combustion slowly 



IMPBOYSICENTB IN GVS GOTTOK. 816 

in the open air, at the rate of not more than 
one foot per second. This thread is woyen 
into a texture or circular web. These webs 
are made of yarious diameters, and it is out of 
these webs that common rifle cartridges are 
made, merely by cutting them into the proper 
lengths, and inclosing them in stiff cylinders 
of pasteboard, which form the cartridges. 

In these cylindrical webs it is also used to 
fill explosive shells, as it can be conveniently 
employed in this shape to pass in through the 
neck of the shell. Gun cotton thread is spun 
into ropes in the usual way up to two inches 
diameter, hollow in the centre. This is the 
form used for blasting and mining purposes ; it 
combines great density with speedy explosion. 

The gun cotton yarn is used directly to 
form cartridges for large guns by being wound 
round a bobbin, so as to form a spindle like 
that used in spinning mills. The bobbin is a 
hollow tube of paper or wood ; the object of 
the wooden rod is to secure, in all cases, the 
necessary length of chamber in the gun re- 
quired for the most effective explosion. The 
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gun cotton oircnlar web is inclosed in close 
tubes of India-rubber cloth to form a match 
line, in which form it is most convenient, and 
travels with speed and certainty. In large 
quantities, for the explosion of mines, it is 
used in the form of ropes, and in this form it 
is conveniently coiled in casks and stowed in 
boxes. 

As regards conveyance and storage of gun 
cotton, it results from the foregoing facts, that 
one pound of gun cotton produces an efTect 
exceeding three pounds of gunpowder in ar- 
tillery. This is a material advantage, whether 
it be carried by men, horses, or in wagons. 
It may be placed in store, and preserved with 
great safety. The danger of explosion does 
not arise until it is confined. It may become 
damp, and even perfectly wet, without injury, 
and may be dried by mere exposure to the 
air. This is of great value in ships of war, 
and, in case of danger from fire, the magazine 
may be submerged without injury. As regards 
its practical use in artillery, it is easy to gather 
from the foregoing general facts how gun cot- 
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ton keeps the gun clean and requires less 
windage, and therefore performs much better 
in continuous firing. In gunpowder there is 
68 per cent, of refuse, or the matter of fouling. 
In gun cotton there is no residuum, and there- 
fore no fouling. Experiments made by the 
Austrian committee proved that 100 rounds 
could be fired with gun cotton against 80 
rounds of gunpowder. From the low temper- 
ature produced by gun cotton, the gun does 
not heat. Experiments showed that 100 
rounds were fired from a six-pounder in 84 
minutes, and the gun was raised by gun cotton 
to only 120° F, whilst 100 rounds with gun- 
powder took 100 minutes, and raised the tem- 
perature to such a degree that the water was 
instantly evaporated. The firing with the 
gunpowder was, therefore, discontinued; but 
the rapid firing with the gun cotton was con- 
tinued up to 180 rounds without any incon- 
venience. The absence of fouling allows all 
the mechanism of a gun to have much more 
exactness than where allowance is made for 
fouling. The absence of smoke promotes 
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rapid firing and exact aim. There are no 
poisonous gases, and the men suffer less incon- 
veniences from firing in casemates, under 
hatches, or in closed chambers. The fact of 
smaller recoil from a gun charged with gun 
cotton is established by direct experiment. Its 
value is } of the recoil from gunpowder, pro- 
jectile effect being equal. 

To understand this maj not be easj. The 
waste of the solids of gunpowder accounts for 
one part of the saving, as in 100 pounds of 
gunpowder 68 pounds have to be projected in 
addition to the shot, and at much higher speed. 
The remainder Yon Lenk attributed to the 
different law of combustion; but the fact is 
established. 

The comparative advantages of gun cotton 
and gunpowder for producing high velocities 
are shown us in the following experiment with 
a Krupp's cast-steel gun — six-pounder. With 
ordinary charge, 80 ounces of powder produced 
1838 feet per second; with charge of 13J ' 
ounces gun cotton produced 1668 feet The 
comparative advantages in shortness of gun 
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are Bhown in the following experiments — 
twelve-pounder :— 

Velodty, 
Calibre^ Charge. feet per second. 

Cotton length 10 15.9 ounces 1426 

Powder length 13} 49.0 (nonnal powder charge) 1400 

Cotton length 9 17 1402 

As to advantage in weight of gun, the £act 
of the recoil being less in the ratio of 2 to 8, 
enables a less weight of gun to be employedi 
as well as a shorter gun, without the disadvan- 
tage to practice, arising from lightness of gun. 
As regards durance of gun, bronze and cast 
iron guns have been fired 1000 rounds without 
in the least affecting the endurance of the gun. 
As regards its practical application to de- 
structive explosions of shells, it appears that 
from a difference in the law of expansion, 
arising probably from the pressure of water in 
intensely heated steam, there is an extraordi- 
nary difference of result, namely, that the same 
shell IB exploded by the same volume of gas 
into more than double the number of pieces. 
This is to be accounted for by the greater ve- 
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locity of explosion when the gun cotton is 
confined very closely in very small spaces. 
It is also a peculiarity that the stronger the 
shell the smaller the fragments into which it 
is broken. 

As regards mining uses, the fact that the 
action of gan cotton is violent and rapid in 
exact proportion to the resistance it encounters 
tells us the secret of its far higher efficiency in 
mining than gunpowder. The stronger the 
rock the less gun cotton, comparatively with 
gunpowder, is necessary for the effect; so 
much so, that while gun cotton is stronger 
than powder as 8 to 1 in artillery, it is 
stronger in the proportion of 6.274 to 1 in a 
strong and solid rock, weight for weight. It 
is the hollow rope form which is used for 
blasting. Its power of splitting up the mate- 
rial is regulated exactly as wished. 

As regards military and submarine explo- 
sionsy it is a well known &ct that a bag of 
gunpowder nailed on the gates of a city will 
blow them open. In this case gun cotton will 
£Eiil. A bag of gun cotton exploded in the 
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same way is powerless. If one ounce of gun- 
powder is exploded on scales the balance is 
thrown down ; with an equal force of gun cot- 
ton nothing happens. To blow up the gates 
of a city, a very few pounds of gun cotton, 
carried in the hands of a single man, will be 
sufficient, only he must know its nature. In 
a bag it is harmless; exploded in a box it will 
shatter the gates to atoms. 

Against the palisades of a fortification, a 
small square box, containing 26 pounds, merely 
flung down close to it, will open a passage for 
troops. In actual experience on palisades, a 
foot diameter and eight feet high, piled in the 
ground, backed by a second row of .eight 
inches diameter, a box of 26 pounds cut a 
clean opening 9 feet wide. To this, three times 
the weight of gunpowder produced no effect 
whatever, except to blacken the piles. 

Against bridges, a strong bridge of oak, 24 
feet span, was shattered to atoms by a small 
box of 25 pounds laid on its centre; the bridge 
was not broken, it was shivered. 

As to its effects under water, in the case of 
21 
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two tiers of piles in water, 13 feet deep, 10 
inches apart, with stones between them, a banrel 
of 100 pounds of gun cotton, placed 3 feet from 
the face and 8 feet under water, made a clean 
sweep through a radius of 15 feet, and raised 
the water 200 feet. In Venice, a barrel of 400 
pounds placed near a sloop, in 10 feet water, 
at 18 feet distance, threw it in atoms to a height 
of 400 feet 

All experiments made by the Austrian com- 
mittee are conducted on a grand scale, thirty- 
six batteries, six and twelve-pounders, having 
been constructed, and practised with gun cot- 
ton. 

The reports of the Austrian commissioners 
are all based on trials with ordnance, from six- 
pounders to forty-eight pounders, smooth bore 
and rifled cannon. The trials with small fire- 
arms have been comparatively few, and are not 
reported on. The trials for blasting and 
mining purposes were also made on a large 
scale by the Imperial Engineers' Committee* 

The writer of the article in the U. & Service 
Journal^ already referred to, says : — 
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^A change in the strength of the acids, in 
the condition of their mingling, in the duration 
of the chemical action, in the temperature, and 
in the removal of the free acid from the cotton, 
will each effect a marked change in the pro- 
duct. Advantage is now taken of this fact, 
and gun cotton is prepared with reference to 
the special use for which it is intended just as 
gunpowder should be, and is to some extent. 

^ The gun cotton made at Hirtenberg, after 
the manner prescribed bj Cteneral Lenk, dif- 
fers, as might have been expected, very mate^ 
rially from that made elsewhere. The process 
of manu£EUSture is different, and the details are 
so arranged as to insure much greater uni- 
formity in the results. 

" The cotton is immersed in a mixture of one 
part strong nitric acid, and three parts concen- 
trated sulphuric acid. It is permitted to re- 
main in this bath for 48 hours; it is then 
washed in a stream of running water for four 
to eight weeks, so as to lose every trace of free 
acid; it is then carefully dried. Analysis 
shows that this gun cotton is of a uniform, and 
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fi^ed composition, and is almost wholly tri- 
nitro-cellulose, represented by the Austrian 
chemists by the formula : — 

C„H,(3NOJO,o 

"It explodes at a temperature between 84:0** 
and 890** P^ never below that, as was the case 
with gun cotton prepared after other formulas. 
It does not deteriorate in quality when sub- 
jected to all the changes of temperature to 
which it is liable in service, nor when exposed 
f o the various influences of dew, rain, and sun 
if afterwards dried. 

" The gravest charge made against this new 
explosive material was, that it was liable to 
spontaneous combustion, as was known to be 
the case with gun cotton made in the ordinary 
way. It was of the utmost importance that 
this vital question should be thoroughly inves- 
tigated, and for this purpose a committee of 
the three first Austrian chemists was appointed 
to report upon this and other objections urged 
against the adoption of gun cotton for war 
purposes. 

" The results of this investigation, made with 
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great ability and extreme care, are highly sa- 
tisfactory, and famish proofs, both theoretical 
and practical, that General Lenk's gun cotton 
is not liable to this &tal objection. 

"The commission, after weighing maturely 
all that could be said in opposition to General 
Lenk's gun cotton, and its adoption for war 
purposes, closed their report with the following 
unqualified commendation: ^According to our 
eoDperience up to the present time^ June^ 1863, we 
recognize in gun coUonfrom Hirtenherg an improved 
eccplosive compound^ having many and great ad- 
varUages^ several of which gunpowder from its very 
nature can never possess! 

"It has been urged that the gases of gun 
cotton were more poisonous than those of gun- 
powder, and on that account it could not be 
safely used in mines. The following table 
gives the analyses of the gases of combustion 
of General Lenk's gun cotton, as determined 
by Lieutenant Yon Karoly, in the chemical 
laboratory of the engineer corps committee, 
and those of gunpowder by Bunsen. 
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"A comparison of the results, as above given, 
will show that the products of the combustion 
of either of the two materials contain gases 
which are irrespirable, and in this particular 
belong to the same class of gases. The relative 
quantities of some of those evolved from gun 
cotton are different from those produced from 
gunpowder, but they are both of such a nature 
as to require, that after an explosion of a mine 
with either gunpowder or gun cotton, the 
air should be renewed by ventilation before 
the place of the explosion can be approached 
without danger. The gases from the latter 
will be removed more quickly by ventilation 
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than those from the fonner, as they contain in 
the latter case much solid matter which alone 
would suffice to make respiration almost im- 
possible, 

"The English Government has recently made 
experiments with the new explosive material| 
Baron Yon Lenk having visited England, by 
invitation, for the purpose of assisting at the 
trials. More recently the French Government 
has taken up the subject, and is now engaged 
in an investigation into the merits of this new 
gun cotton. 

"General Lenk is, at the request of the Em- 
peror Napoleon, in France, to be present at 
these experiments. The attention of the 
United States Ck)vernment was drawn to the 
success attending the experiments with gun 
cotton in Austria, by Mr. T. Carrisius, U. S. 
Consul at Vienna, and the Secretary of War 
has directed experiments to be made to deter- 
mine whether its merits are such as to warrant 
its introduction into our service, in n^ole or 
in part. These experiments will soon be com- 
menced. 
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^< There are many considerations which make 
it important for us that the subject should 
recive a full; fair, and impartial investigation. 

" We are now dependent upon India for our 
supply of saltpetre. By the introduction of 
gun cotton, we shall be enabled to substitute 
for saltpetre, the nitrate of soda, found in 
South America, much nearer home, and more 
easy to be obtained, and from a supply of 
which we are not so liable to be cut o£ 

^ We have a long extended coast to defend 
against new and most formidable modes of 
attack. Our large sea-coast guns will require 
the assistance of the most destructive explosive 
for their shells, and the most powerful subma- 
rine batteries that we can devise, to protect 
our sea-board cities &om the attacks of hostile 
iron-clads. 

"Gun cotton will not, probably, supersede 
the use of gunpowder ; it may prove a valuable 
co-adjutant." 
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b:a.ron von lenk's gun cotton pat- 
ented in the united states. 

The Scientific American for Jaly 9, 1864, contaiBS 
the following : — 

" On the 4th of Juno, 1864, Baron Yon Lenk pro- 
cared a patent, through the Scientific American Patent 
Agency, for the manufacture of gun cotton by his pro- 
cess in the United States. The assignees of the patent 
in this country are Messrs. Rawson & Richmond, of 
Detroit, Mich., who announce their purpose to proceed 
at once to erect a large manufactory, and to embark in 
the production of the article. Their establishment will 
be under the charge of a practical and competent person 
sent over from Austria by General Von Lenk. 

'*Oar readers will remember that the commission of 
Austrian chemists came to the conclusion that *gan 
cotton is far superior to gunpowder for all explosive 
power ; that its use is less dangerous ; that for artillery 
and small-arms one pound of gun cotton will give greater 
result than three pounds of gunpowder, and for blasting 
and mining purposes one pound of the former is equid 
to six pounds of the latter ; that damp does not affect 
it ; that it is not liable to decomposition ; that it will not 
explode short of 277^ Fahr. ; that there is no smoke ; 
that there is no fouling or refuse matter; that the recoil 
of the gun is but two-thirds of that from gunpowder ; 
that lighter and shorter guns can be used ; tfiat the ve- 
locity of the projectile is greater and more accurate ; 
that the heating of the gun is much less ; and that there 
is no danger in its manufacture.' 
2i* 
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"The statement that the velocity imparted to the shot 
is greater, while the recoil of the gun is less, we should 
hardlj believe except on farther evidence than the re- 
port of one commission, however eminent 

" In consequence of the general interest in this im- 
provement, we publish the patent in full. It contains a 
complete description of the process in as few words as 
possible. 

" ' IXPROVBD OUN COTTON. . 

** ' To all wham it may concern : 

" * Be it known that I, Baron "W. Lenk, of the city of 
Vienna, in the Empire of Austria, have invented a new 
and improved mode of making an explosive material 
out of cotton and other vegetable fibres ; and that I do 
hereby declare that the following statement is a full and 
accurate description of the articles used, and the mode 
and manner of manufacturing the same into an article 
which is termed "Baron Lenk's Improved Gun Cotton." 

** * First The cotton or other vegetable fibre is first 
taken and spun into loose threads of sufficient strength 
to be easily handled. 

" ' Second. The cotton mast then be thoroughly boiled 
in a solution of potash or of soda, in order to remove all 
greasy substances which the cotton may contain, and 
after thus boiled it may be exposed to the sun or wind, 
or in a heated room, to dry the same. 

" * Third, The cotton must now be taken into a room 
heated to 10(P Pahr., in order to make it perfectly dry. 

*** Fourth, A mixture is now made containing one 
part weight of nitric acid of IjV^ to l^V^j specific gravity, 
and three parts weight of common sulphuric acid. This 
mixture must stand in closed earthen or glass jars for 



APPENDIX. Z28e 

several days, or until the two acids become fnlly mixed 
and cooled. 

" ' Fi/lk, This mixture of acids is now put into an 
apparatus containing three apartments, one for the main 
bulk of the acids, one for the immersion of the cotton, 
and one for receiving the cotton after being immersed. 
This apparatus may be made of cast-iron. 

" * Sixth. The cotton is now taken and dipped in the 
acid bath, in said apparatus, in such a manner that every 
three ounces of the cotton must come in contact with 
sixty pounds of the mixture of acids, or, in other words, 
the bath must contain fully sixty ponods of the mixture 
while parcels of three ounces of cotton are being dipped. 
The parcels thus dipped must be gently pressed, and the 
acids allowed to flow back into the acid bath, and the 
parcels are then put into the third apartment of the ap. 
paratus, where for every one pound of cotton there must 
be ten and a half pounds of said mixture of the acids. 
The cotton must remain in this state subject to the 
action of the acids for forty-eight hours, and the mixture 
must always have an equally strong concentration, and 
must be kept under a uniform temperature by a cooling 
process. 

*'* Seventh. The cotton is now taken out from the 
acids and pressed, and then put into a centrifugal ma- 
chine to remove all surplus acids. 

** * Eighth. The cotton is again put into another cen- 
trifugal machine, into which a constant stream of fresh 
water is admitted. This process is intended to remove 
the last particles of adhesive acids. 

" * Ninth. The cotton is now taken and put into & 
flume or trough, and secured in such a manner that a 
running stream of fresh water may pass through and 
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over it ; and the same must remain in this situation for 
at least fourteen days. To lessen the time for this 
operation, the cotton may be immersed or saturated in 
alcohol for the space of twenty-four hours. This process 
is also intended to extract all and the last particles of 
acids that may possibly adhere to the cotton. 

'* ' Tenth, The cotton is now taken from the stream of 
water, or if from the ^cohol it must be washed, and then 
boiled in a solution of common soap and again dried. 
This process is intended to restore the cotton to its ori- 
ginal softness and appearance. 

*' * Eleventh. The cotton is now taken and immersed 
in a solution of water-glass of one pound to two pounds 
of soft water, which must be lj)|f specific gravity of 
concentration. To one pound of cotton iVA^ ^^ ^ 
pound of tlus solution of 46^ Beaum^ is required. The 
cotton is then taken out of this solution and exposed to 
the action of the atmosphere for at least four days. 
This process has the tendency to preserve the material, 
and also to make its explosive qualities less rapid. 

** ' Tive^h, The gun cotton is again washed in soft 
water free of lime, dried, and can then be packed in 
wood or metal boxes for storage or exportation; and 
may be used for artillery, torpedoes, shells, mining, blast- 
ing, small-arms, and for all purposes where explosive 
power is required. 

" ' Thirteenth. All other vegetable fibres may b^ treated 
and manufactured as herein stated, which process will 
make the same explosive like the gun cotton, and adapted 
to the same purposes. 

'' 'I claim as my invention an explosive improved gun 
cotton made substantially as herein described. 

"*Babon W. Lehk. 

'* *Cm OF y tutu A, AtrnuA, Dte. 1, 1881' ** 
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Plate 6, washing machine for piece goods ; Plate H, power loom ; 
Plate I, Duplex steam boiler ; Plate J, Direct-acting marine engines. 

Drawimo Instruments. 

Barnard (Henrj). National Education in Eo* 
rope: 

Being an Account of the Orgaufzation, Administration, 
InBtruction, and Statistics of Pnblio Schools of differ- 
ent grades in the principal States. 890 pages, Svo., 
oloth 18.00 

Barnard (Henry). School Architecture. 

New Edition, 300 oats, oloth, 12.00 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By K W. Beans, C. K 12mo. (In press.) 

Bishop. A History of American Manufactures, 

From 1608 to 1660 ; exhibiting the Origin and Orowth 
of the Principal Mechanic Arts and Mannfaotares, from 
the Earliest Colonial Period to the Present Time ; with a 
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Notice of the Important InventloDS, Tariffs, and the Re^ 
saltfl of each Decennial Census. Bj J. Leander Bishop, 
M. D, : to which is added Notes on the Principal lianot- 
factaring Centres and Remarkable Manufactories. By 
Edward Young and Edwin T. Freedley. In two vols., 
870. Vol. 1 now ready. Prloe, |3.00 

Bookbinding: A Mannal of the Art of Book- 
binding, 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. • By James B. Nicholson. 
Illustrated. 12mo., oloth, 12.00 

OOITTENTS.— Sketch of the ProgresB of Bookbinding, Sheet- 
work, Forwaidine; the Edges, Marbling, Gilding the Edgei, Ooverinr, 
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art, 
Finishing, Taste and Design, Styles. Gilding, Illuminated ' Binding, 
Blind Tooling, Antique, Coloring. Marbling, Uniform Colors, Gold 
Marbling, Landscapes, etc.. Inlaid Ornaments, Harmony of Colors. 
Pasting Down, ete.. Stamp or Press-work, Restoring the Bindings of 
Old Books, Supplying imperfections In Old Books, fiinti to Book Col- 
lectors, Technical Lessons. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical: 

Embracing its application to the Arts, Metallurgy, Mine- 
ralogy, Oeology, Medicine, and Pharmacy, By Javbs G. 
Booth, Melter and Refiner in the United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Campbell Morfit, author of <* Chemical 
Manipulations," etc. 7th Edition. Complete in one 
Tolume, royal octaro, 978 pages, with numerous wood 
outs and other illustrations, $6.00 

From the very large number of articles in this volume, it is entirely 
Impossible to give a list of the Contents, but attention may be called 
to some among the more elaborate, such as A£9nity, Alooholometry, 
Ammonium, Analysis, Antimony, Arsenic, Blowpipes. Cyanogen, Die- 
tUlation, Electricity, Ethyl, Fermentation, Iron, Lead and Water. 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lafatbttb Btbv, 

M. D. With Illustrations. 12mo $1.25 

>* Manj an old brewer wlU find in this book valuable hints and sug* 
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CMtiont worthy of oonsidenitloii, and the aovloe can post hinuielf uy 
Ik hli trade in aU Ub part*."— ^r(i#an. 

Builder's Pocket Companion: 

Containing the Elements of Building, Sarveying, and 
Architecture ; with Praotioal Rales and Instrnotions con- 
nected with the subject. B7 A. C. Smbaton, Civil Engi- 
neer, etc. In one Tolnme, 12mo., |1.25 

CONTEXTS.— The Builder, Carpenter, Joiner, Mason, Plasterer, 
Plumber, Painter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies, Architect. 

^* It gives, in a small space, the most thorough directions to the 
builder, from the laying of a biick, or the felling of a tree, up to the 
most elaborate production of ornamental architecture. It is scientiflc, 
without being oDscure and unintelligible ; and every house-carpenter, 
master. Journeyman, or apprentice, should have a copy at hand 
always.'*— i^wntfn^ Bulletin. 

Byrne. The Handbook for the Artisan, Me- 
chanic, and Engineer, 

Containing Instructions in Grinding and Sharpening of 
Cutting Tools, Figuration of Materials by Abrasion, Lapi- 
dary Work, Qem and Glass Engraving, Varnishing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 185 cuts. 
8vo., oloth, $5.00 

CONTENTS.— Grinding Cutting Tools on the Ordinary Grind- 
atone ; Sharpening Cutting Tools on the Oilstone ; Setting Razors ; 
Sharpening Cutting Tools with Artificial Grinders } Production of Plane 
Surfaces by Abrasion : Production of Cylindrical Surfaces by Abra- 
sion ; Production of Conical Surfaces by Abrasion} Production of 
Spherical Surfaces by Abrasion: Glass Cuttinir; Lapidary Work; 
Setting, Cutting, and Polishing Flat and Rounded Works; Cutting 
Faucets ; Lapidary Apparatus lor Amateurs ; Gem and Glass Engrav- 
ing; Seal and Gem Engraving; Cameo Cutting; Glass Engraving, 
* ■ r; Gene • ' 



Byrne. The Practical Metal*worker's Assist* 
ant, 

For Tin-plate Workers, Braziers, Coppersmiths, Zinc- 
plate Ornrmenters and Workers, Wire Workers, White- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Gold Smiths, Electrotypers, and all other Workers in 
Alloys and Metals. Edited by Oliver Btehb. Complete 
in one volume, octavo, $9.00 

It treats of Casting, Founding, and Forging; of Tongs and other 
Tools; IVigrees of Heat and Management of Fires; welding of 
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Heading and SwAfpe TooU ; of Punches and Anvils j of Hardening and 
Tem|)ering; of Malleable Iron Castings, Case Hardening, Wrought 
and Cast Iron; the Management and Manipulation of Metals and 
Alloys, Melting and Mixing ; the Management of Furnaces, Casting 
and Pounding with Metallie Moulds, Joining and Working Bheet Metal ) 
Peculiarities of the dltfVirent Tools employed ; Processes dependent on 
the ductility of Metals ; Wire Drawing, Drawing Metal Tubes, Solder- 
ing ; The use of the Blowpipe, and every other known Metal Worker*! 

Byrne. The Practical Model Calculator, 

For the Engineer, Hachiniflt, Mannfaoturer of Engine 
Work, Naral Architect, Miner, and Millwright. B7 
Olivbr Btbnb, Compiler and Editor of the Dictionarj of 
Machines, Mechanics, Engine Work and Engineering, and 
Aathor of various Mathematical and Mechanical Works. 
Illustrated by numerous engrarings. Complete in one 
large volume, octavo, of nearlj six hundred pages,. .$4.50 

The principal objects of this work are : to establish model calcula- 
tions to guide practical men and students ; to illustrate every practical 
rule and principle by numerical calculations, systematically arranged ; 
to give information and data indispensable to those for whom it is in- 
tended, thus surpassing in value any other book of its character; to 
economize the labor of the practical man, and to render his every-day 
calculations easy and comprehensive. It will be found to be one of 
the most complete and valuable practical books ever published. 

Cabinetmaker's and Upholsterer's Companion, 

Comprising the Rudiments and Principles of Cabinet, 
making and Upholstery, with Familiar Instructions, il- 
lustrated by Examples for attaining a proficiency in the 
Art of Drawing, as applicable to Cabinet Work ; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ;^to make French Polish ; to prepare the best Glues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokbs. 
In one volume, 12mo. With Illustrations, $1.00 

"A large amount of practical information, of great service to all 
oonoerned in those branches of business."— 0/t<o State JoumaL 

Campion. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging Tools, 
Workshop Machinery, Mechanical Manipulation, Manu- 
facture of Steam Engine, etc., etc. lUaatrated with 28 
plates of Boilers, Steam Engines, Workshop MacUinery 
6 
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etc., and 91 Wdod Engravings ; with an Appendix on the 
Analysis of Iron and Iron Ores. 3/ Francis CampVn, 
G. E.y President of the Giril and Mechanical Engineers' 
Society, etc $7.00 

Celnart. The Perfumer. 

From the Erench of Madame Celnart ; with additions by 
Professor U. Dassauoe. 8vo. {In press.) 

Colbarn. The Locomotive Engine ; « 

Including a Description of its Structure, Rules for Esti- 
mating its Capabilities, and Practical Observations on its 
Construction and Management. By Zbrah Colbdhn. Il- 
lustrated. A new edition. 12mo, ^1.00 

** It is the most practical and generally useful work on the Steam 
Engine that we have seen."^ir<w<on Travdtr.'* 

Dagnerreolypist and Photographer's Companion. 

12mo., cloth, $1.00 

Distiller (The Complete Practical). 

By M. Lafatbttb Btbit, M.D. With Illustrations. 12mo. 

$1.25 

" So simplified, that it is adapted not onlv to the use of extensive 
DistillorH, but for every farmer, or others who may want to engage in 
l>istilliug. "—iJanner qf the Union, 

Dussaucc. Practical Treatise 

On the Fabrication op Matches, Gdn Cotton, and Fdlni- 
VATi NO Powders. By Prof. U. Dussauoe. 12mo.,....$8.00 

CONTENTS.— PAo*pA'>r«*. —History of Phosphorus; Physical 
Properties ; Chemical Properties ; Natural State : Preparation of 
White Phosphorus ; Amorphous Phq^gphorus, and Benoxlde of Lead. 
lf/WrA(*#.— Preparation of Wooden Matches ; Matches inflammable by 
rubbliifT, without noise : Common Lucifer Matches: Matches without 
Phospliorus ; Candle Niatches ; Matches with Amorphous Phospho- 
rus; Matches and Rubbers without Phosphorus. Gun Cotton, — Proper- 
ties; Preparation: Paper Powder; uee of Cotton and Paper Powders 
for Fulminatiug Primers, etc. } Preparation of Fulminating Primers, 
etc., etc 

Dossaucc. Chemical Receipt Book: 

A General Formulary for the Fabrication of Leading 
Chemicals, and their Application to the Arts, Manufac- 
tures, Metallurgy, and Agriculture. By Prof. H. Dus- 
Bauce. (/» press.) 
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DYEnro, oAiioo PBnrnira, ooloes, oorroif arnr- 

HDra, AHD WOOLEH HAHUrAOTUBR 

Baird. The American Cotton Spinner, and 
Manager's and Carder's Guides 

A Praotioal Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Draught and Twist 
Calcafttions, etc.; with Notices of recent Improvements : 
together with Rules and Bxamples for making changes 
in the sizes and nnmbers of Roving and Yarn. Com- 
piled from the papers of the late Robert H. Baird. 
12mo $1.26 

Capron De Dole. Dussance. Blues and Car- 
mines of Indigo: 

A Praotioal Treatise on the Fabrication of every Como^er 
oial Product derived from Indigo. By Felioien Capron 
de Dole. Translated, with important additions, by Pro- 
fessor H. Dnssauoe. 12mo $2.50 

Chemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.00 

CONTHJirTS.— General Propertlet qf Matter.— He^U Light, Ele- 
ments of Miitter, Chemical At&nitv. Non-Mdallie StAetaneea.— Oxygen, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, Iodine, 
Bromine, Fluorine, Silicum, Boron, Carbon. MetaUie Sub$Uinee9,'~ 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium. Strontium, Calcium, Magnesium, Alminum, Manganese. Iron, 
Cobalt, Nickel, Zinc, Cadmium, Copper, Lead, Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or Wolfram, Molybdenum, Tella- 
rium. Arsenic. Antimony. Uranium, Cerium, Mercury. Silver, Gold, 
Platinum, Palladium, Iridium, Osmium, Rhodium, Lantnanium. Mor» 
danU.—Ked Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetate of Copper. VeffntaNe Mattm't ueed in Dyeing.^ 
Galls, Sumach, Catechu, Indigo, Logwood. Brazll>wi>ods, Sandal-wood, 
' Barwood, Camwood, Fustic, Young Fustic, Bark or Quercitron, Fla* 
vine. Weld or Wold. Turmeric, Persian Berries, Safflower, Madder, 
MuQjeet, Annota, Alkanet Root, Archil. Proposed Hew VegtiabU 
Dyes. — Soorai^jee, Carivluru, Wongshy, Aloes, Pittacal, Barbary Root. 
Animal Matters used in Dyeing. — Cochineal, Lake or Lac, Kerms. 

This will be found one of the most valuable books on the subject of 
dyeing, ever published in this country. 

Dussaoce. Treatise on the Coloring Matters 
Derived from Coal Tar; 

Tbeir PrMticai Application in Dyeing Cotton, Wool, and 
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Silk ; the Frinoiples of the Art of Djeing and of the Dis- 
tillation of Coal Tar ; with a Description of the most Im- 
portant New Dyes now in nse. By Professor H. Das- 
sauce, Chemist. 12mo $2.50 

OOlVTBiirTB.— Historloftl Notloe of the Art of Dyeing— Chemical 
Principles of the Art of Dyeing— Preliminary Preparation of Stutlto— 
Mordants— Dyeing— On the Coloring Matten produced by Coal Tar— 
Diitlllation of Coal Tai^-Hlatory of Aniline— Properties of Aniline- 
Preparation of Aniline directly from Coal Tar— Artificial Preparation 
of Aniline— Preparation of Benzole— Properties of Benzole— Prepara- 
tion of Nltro-Benzole— Transformation of Nitro-Benzole into Aniline, 
by means of Sulphide of Ammonium ; by Nascent Hydrogen : by Ace- 
tate of Iron : and by Arsenlte of Potash— Properties of the Bl-rntro- 
Benzole— Aniline Purple— Viollne — Roselne — Emeraldlne — Bleu de 
Paris— Futsohine, or Magenta— Coloring Matters obtained by other 
bases from Coal Tar— Nltroso-Phenyline— Di Nitro-Anillne— Nitro- 
Phenyllne— Picric Acid— RosoUc Acid— Qulnoline— Napthaline Colors 
— Chloroxynaphthallc and Perchloroxynapthallo Adds— Carminajph- 
tha— Ninaphthalamlne— NitroBonaphthaline— Naphthameln— Tar Bed 
—Azullne— Application of Coal Tar Colors to the Art of Dyeing and 
Calico Printing— Action of Light on Coloring Matters from Coal Tar 
—Latest Improvements in the Art of Dyeing— Chrysammlo Add— Mo- 
lybdic and Picric Acids— Extract of Madder— Theory of the Fixation 
of Coloring Matters in Dyeing and Printing— Principles of the Action 
of thB most important Mordants— Aluminous Mordants— Ferruginous 
Mordants— Stanniferous Mordants— Artificial Alizarin— Metallic Hy- 
posulphites as Mordants— Dyer's Soap— Preparation of Indigo for Dye- 
ing and Printing— Relative value of Indigo— Chinese Green Murexide. 

Dyer and Color-maker's Companion : 

Containing upwards of two hundred Receipts for making 
Colors, on the most approved principles, for all the 
various styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washing-ofl;, and Finishing the Goods. Second edition. 
In one volume, 12mo $1.00 

French Dyer, (The) : > 

Comprising the Art of Dyeing in Woolen, Silk, Cotton, 
etc., etc. By M. M. Riffault, Yernaud, De Fonteuelle, 
Thillaye, and Mallepeyre. {In press.) 

Love. The Art of Dyeing, Cleaning, Seouring, 
and Finishing, 

Ok thk Most Approved English and Fbekch Methods; 
being Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc., Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Sijk, Satin, or Damask. By Thomas Love, a working 

Dyer and Scourer. lu one volume, 12mo $3.00 
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O'Neill. Chemistry of Calico Printiiig, Dye- 
iDg, and Bleacliing ; 

Including Silken^ Woolen, and Mixed Qoods ; Practioal 
And Theoretical. By Charles O'Neill. (In pra$.) 

O'Neill. A Dictionary of Calico Printing and 
Dyeing. 

Bj Charles O'NeiU. (/n preu.) 

Scott. Tlie Practical Cotton-spinner and Han- 
nfactarer ; 

Ob, Thv Mavaobb abd Otbblookbb's Coxpabiob. Tina 
work ooD tains a Comprehensive System of Calculations 
for Mill Gearing and Machinery, from the first Moving 
Power, through the diflferent processes of Carding, Draw- 
ing, Slabbing, Roving, Spinning, and Weaving, adapted 
to American Machinery, Practice and Usages. Compen- 
dious Tables of Yarns and Reeds are added. Illustrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, oc- 
tavo $5.00 

Thii edition of Scott's Cotton-Spinner, by Oliver Byrne, is designed 
for the American Operative. It will be found intensely practical, and 
will be of the greatest possible value to the Manager, Overseer, and 
Workman. 

Sellers. The Color-mlxer. 

By John Sellers, an Experienced Practical Workman. 
To which is added a Catecbisk of Chbvistbt. In one 
volume, 12mo. (Inpr9$8.) 

Smith. The Dyer's Instructor 5 

Comprising Practical Instructions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, aa 
Single and Two-colored Damasks, Moreens, Camlets, 
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woolens, 
Yams, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Handkerchiefs, 
and the various Mordants and Colors for the diifereni 
10 
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»tjleB of BVLoh work. Bf David Smithy Pattern Dyer. 

A new edition, in one yolnme, 12mo ^3.00 

CONTIiNTS.— Wool Dyeing, 60 Teceipts—Ootton Dyeing, 08 re- 
oeipta— Silk Dyeing, 60 rccclptfl— Woolen Yam Dyeinr, oB reoeipte— 
Worsted Yarn Dyeing, 61 receipts— Woolen Dyeing, 69 receipts— Da- 
mask Dyeing, 40 receipts— Moreen Dyeing, 88 receipts— Two-Colored 
Damask Dyeing SI receipts— Camlet Dyeing, 33 receipts— Lasting Dye- 
ing, 23 receipts— Shot Cobourg Dyeing. 18 receipts— Silk Striped Or- 
leans, from Black, White, and Colored Warps, 33 receipts— Colored 
Orleans, from Black Warps, 16 receipts— Colored Orleans and Co- 
bourgs, from White Warps, 27 receipts— Colored Merinos, 41 receipts 
—Woolen Shawl Dyeing, 16 receipts— Padding, 43 receipts— Silk Warp, 
Skein, and Handkerchief Printing, 63 receipts— Nature and Use of Dy^ 
wares, including Alum, Annotta, Archil, Ammonia, Argol, Super 
ArgoL Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pot- 
ash, Cudbear, Chemic, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Young Fustic, Galls, Indigo, Kermes or Lac Dye, 
Logwood, Madder, Nitric Acid or Aqua For tls. Nitrates, OxaUo Tin, 
Peachwood, Prusslate of Potash, Quercitron Bark, Safllower, Saun- 
ders or Red Sandal, Sapan Wood, Sumach, Turmeric, Examination of 
Water by Tests, eto., etc. 

Tottstain. A Practical Treatise on the Woolen 
Jttannfacture. 

From the Frenoh of M. Tonstain. (/ft prest,) 

[Jlrich. Dussauce. A Complete Treatise 

Oir THB Abt of Dtbino Cottok abd Wool, as practisbo iv 
Paris, Roubn, Mulhousb akd GBRMAirr. From the French 
of M. Lonis Ulrich, a Practical Dyer in the principal 
Mannfaotories of Paris, Ronen, Mnlhouse, etc., eto. ; to 
which are added the most important Receipts for Dyeing 
Wool, as practised in the Manufacture Imperiale des 
Gobelins, Paris. By Professor H. Dassauoe. 12mo..^3.00 

OOKTBNTS.- 

Rouen Pyes, 106 Receipts. 

Alsace <« 286 *« 

German « 109 *< 

Mulhouse " TO •* 

Parisian " 66 «• 

GobeUns " 100 " 
In all nearly TOO Receipts. 



Easton. A Practical Treatise on Street or 
Horse-power Railways; 

Their Location, Construction and Management; with 
general Plans and Rules for their Organization and Ope- 
ration ; together with Examinations as to their Compara- 

11 
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tire Adrsntages over the Omnibas Sjstem, and Inquiries 
as to their Value for Investment ; including Copies of 
Municipal Ordinanoes relating thereto. Bj Alexander 
Easton, C. S. Illustrated hy twentj-three plates, 8vo., 
cloth ^ 12.00 

fixambations of Drugs, Hedieines, Chemicalsy 
etc., 

As to their Purity and Adulterations. Bj C. H. Peirce, 
M. D, 12mo., cloth $2.00 

Filler's Photogenic Manipulation. 

16mo., cloth 62 

Gas and Ventilation; 

A Praotioal Treatise on Oas and Ventilation. By S. R. 
Perkins. 12mo.| cloth 75 

Gilbart. A Practical Treatise on Banking. 

By James William Gilbart. F. R. S. A new enlarged and 
improved edition. Edited by J. Smith Homans, editor 
of *• Banker's Magaaine." To which is added '« Money, '» 
by H. C. Carey. 8vo $3.60 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, He* 
chanics and Civil Engineers. 8vo., plates, oloth...$2.00 

Hardwich. A Manual of Photographic Chem- 
istry; 

Including the practice of the Collodion Process. By J. 
F. Hardwich. {In press.) 

Hay. The Interior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
Decorations ; with a Praotioal Treatise on House Paint> 
ing. By D. R. Hay, House Painter and Decorator. H* 
lustrated by a Diagram of the Primary, Secondary and 
Tertiary Colors. 12mo. (In press,) 
12 
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liiTCBtor's Guide— Patent Office and Patent 
Laws: 

Or, a Guide to Inyenton, and a Book of Reference for 
Judges, Lawyers, Magistrates, and others. By J. O. 
Moore. 12mo., oloth |1.00 

Jervis. Railway Property. A Treatise 

Oh thb Constbucttov and Makaobxbkt ov Railwatb ; de- 
signed to afford useful knowledge, in the popular style, 
to the holders of this class of property ; as well as Rail- 
way Managers, Officers and Agents. By John B. Jervis, 
late Chief Engineer of the Hudson River Railroad, Cro- 
ton Aqueduct, etc. One volume, 12mo., cloth |2.00 

COTSrVStNTB. — Preface -~ Introduotion. Cotutruction, — Introdu4V 
torr— Land and Land Damages— Location of line— Method of BnsineM 
—Grading— Bridges and Calverta— Road Crossinn—Ballaatlng Track- 
Cross Sleepers— Chairs and Spikes— Ralls— Station Buildings— Loco- 
motives, Coaches and Can. CtoeraMno.— Introductory— Freight— Pas- 
sengers— Engine Drivers— Repairs to Track— Repairs of Machinerr— 
Civil Engineers-Superintendent— Supplies of Material— Receipts— Dis- 
bursements— Statistics— Running Trains — Competition •— Flnanflial 
Management— General Remarks. 

Johnson. The Coal Trade of British America ; 

With Researches on the Characters and Practical Yaluet 
of American and Foreign Coals. By Walter R. Johnson, 
Civil and Mining Engineer and Chemist. 8vo ^2.00 

This volume contains the results of the experiments made for the 
Navy Department, upon which their Coal contracts ate now based. 

Johnston. Instructions for the Analysis of 
Soils, limestones and Manures. 

By J. F. W. Johnston. 12mo 38 

Larkin. The Practical Brass and Iron Found- 
er's Guide; 

A Concise Treatise on the Art of Brass Founding, Mould- 
ing, etc By James Larkin. 12mo., oloth |1.26 

Leslie's (Miss) Complete Cookery; 

Directions for Clookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one Tolume, 12mo., half 

bound, or in sheep ; 11.25 

13 
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Leslie's (Miss) Ladies' House Book; 

A llannAl of Domestlo Boonomy. aoth reTised edition. 
12mo., sheep ,„•- $1.25 

Leslie's (Miss) Two Hnndred Receipts in 
Frencli Cookery. 

Cioih, 12mo .' 25 

Ueber. Assayer's Guide; 

Or, Praotioal Directions to Assayers, Miners and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, 
of the Ores of all the principal Metals, and of Gold and 
Bilver Coins and Alloys. By Oscar M. Lieber, late (Geolo- 
gist to the State of Mississippi. 12mo. With Ulnstra- 
tlons $1.00 

« Among the IxuUfpeniable works for this purpose, Is this little 
gulde.»--2H<saii. 

Lowig. Principles of Organic and Pliysiologi- 
cai Cliemistry. 

By Dr. Carl LSwig, Doctor of Medicine and Philosophy; 
Ordinary Professor of Chemistry in the University of 
Zurich ; Author of ^* Chemie des Organischen Verbindnn 
gen.'' Translated by Daniel Breed, M. D., of the U. 8. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
870., sheep 13.50 

Marble Worker's Manual; 

Containing Praotioal Information respecting Marbles In 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc, eto. 12mo., cloth ^1.25 

Miles. A Plain Treatise on Horse-slioeing. 

With ninstrations. By William Miles, Author of "The 
Horse's Foot." $1.00 

Morfit. Tlie Arts of Tanning, Carrying and 
Leather Dressing. 

Theoretically and Practically Considered in all their De- 
tails ; being « Fall and Comprehensiye Treatise on the 
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Manufacture of the Yarions Kinds of Leather. HIqs* 
t rated by over two hundred Engrayings. Edited from the 
French of De Fontenelle and Malapeyere. With nu- 
merous Emendations and Additions, by Campbell Morfit, 
Practical and Analytical Chemist. Complete in one yoI- 
'ume, octavo.. 110.00 

This important Treatise will be found to oover the whole field in 
the moat masterly manner, and it is believed that in no other branch 
of applied seienoe oould more signal service be rendered to American 
Manufactures. 

The publisher is not aware that in any other work heretofore issued 
in this country, more space has been devoted to this subject than a 
single chapter ; and in offering this volume to so larse and intelligent 
a class as American Tanners and Leather Dressers, he feels oontiaent 
of their substantial support and encouragement. 

CONTSNTS.— Introduction— Dignity of Labor—Tan and Tannin 
—Gallic Acid— Extractive-Tanning Ma]kerials— Oak Barks— Barking 
of Trees— Method of Estimating the Tanning Power of Astringent 
Substances— Tan— The Structure and Composition of Skin — Different 
Kinds of Skin suitable for Tanning — Preliminary Treatment of Skins 
—Tanning Process- Improved Processes — Vauquelln's Process^Ao* 
celerating Processes— Keasley's, TrumbulPs, Hibbard's. and Leprleur's 
Processes— Tanning with Extract of Oak-Bark— Hemlock Tanning— 
With Myrtle Plant— English Harness Leather— Calf Skins— Goat and 
Sheep Skins— Horse Hides— Buck, Wolf and Dog Skins— BuffkUo. or 
** Grecian*' Leather— Russia Leather— Red Sklns-r-Wallaohia Leather 
—Mineral Tanninfl^— Texture and Quality of Leather, and the means 
of Discovering its Defects— Tawing— Hungary Leather— Oiled Leather 
— Tanning as practised by the Mongol Tartars — Shagreen— Parchment 
—Leather Bottles— Tanning of Cordage and Sail Cloth— Glazed or 
"Patent" Leather— Helverson's Process for Rendering Hides Hard 
and Transparent— Currying— Currying of Calf Skins— Currying of 
Goat Skins— Red Leather— Fair Leather— Water Proof Dressing- 
Perkins' Machine for Pommelling and Graining Leather— Splitting, 
Shaving, Fleshing and Cleansing Machines— Embossing of Leathe^— 
Gut Dressing. 

Morfit A Treatise on Gheimstr7 

Applied to thb Manitfactvsb of Soap akd Cakdlbs ; being 
a Thorough Exposition, in all their Minutis, of the prin< 
oiples and Practice of the Trade, based upon the most 
recent Discoveries in Science and Art. B7 Campbell 
Morfit, ProfesBor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improved edi- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one volume, large 8vo $7*00 

CONTBITTS.- CH APTER I. The History of the Art and its Rela* 
tlons to Science— II. Chemical Combination— III. Alkalies and Alk»- 
line Earths— IV. Alkalimentary— V. Acids— VL Origin and Composi- 
tion of Fatty Matters— VII. Saponifiable Fats— Vegetable Fkts— Anl« 
mal Fats— waxes— VIII. Action of Heat and Mineral Adds of Fatty 
Matters— IX. Volatile or Essential Oils, and Resins— X. The Proxi- 
mate Principles of Fats— Their Composition and Properties— Basio 
Constituents of Fats— XL Theory or Saponlflcationr-XII. Utensils 
Requisite for a Soap Factory— XIII. Preparatory Manipulations in 
the ProoesB of Making Soap— Preparation of the Lyes— XIV. Hard 

1ft 
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Soapi—XV. Soft 8oap»-XVL Soaps by the Cold ProoeM— XVII. Slll- 
OAted Boaps—XVIIL Toilet Soape— XIX. Patent Soaps— XX. Fraud 
and Adulterattons in the Manufacture of Soap— XXI. Candles— XXII. 
niumlnatlon— XXIII. PhUosophy of Flame— XXIV. Raw Material 
for Candles— Purification and Bleaching of Suet— XX V. Wicks— XX VL 
Dipped Candles— XXVII. Moulded Candles— XXVIIL Stearin Candles 
—XXIX. Stearic Acid Candles—" Star'* or " Adamantine" Candles— 
Saponification by lime— Saponification by Lime and Sulphurous Acid 
—saponification by Sulphuric Acid— Saponification by the combined 
action of Heat, Pressure and Steam— XXX. Spermaceti Candles— 
XXXI. Wax Candles— XXXII. Composite Candles— XXXIIL Paraffin 
—XXXIV. Patent Candles— XXXV. Hydrometers and Theimometers. 

Mordmer. Pyrotechnist's Companion; 

Or, a Familiar System of Fire-works. B7 Q, W. Morti- 
mer. Illastrated bj numeroiu Engravings. 12mo|1.00 

Napier. Manual of ElectrO'Metallnrgj; 

Inoladlng the Application of the Art to Manafaotaring 
Prooesses. B7 James Napier. From the seoond Loudon 
edition, revised and enlarged. Illastrated hj Engrav- 
ings. In one volume, 12mo |1.50 

Napier's Eleetro-MetaUunv Is generally regarded as the very best 
PracUcal Treatise on the Suctfeet in the English Langua^. 



COimSNTS.— History of the Art of Electro>Metallargv— Deserlp- 
;lon of Galvanic Batteries, and their respective Peculiarities— Elec- 
trotype Processes— Miscellaneous Applications of the Process of Coat- 



ing with Copper— Bronzing — Decomposition of Metals upon one 
another— Electro-Plating— EleGtrQ-Gildlng— Results of Experiments 
on the Deposition of other Metals as Coatings, Theoretical Observe- 



Norris's Hand*book for Locomotire Engineers 
and Machinists; 

Comprising the Calcalations for Constmoting Locomo- 
tives, Manner of setting Valves, etc., etc. B7 Septimus 
Norris, Ciril and Mechanical Engineer. In one volume. 
12mo., with lUnstrations $1.75 

*< With pleasure do we meet with such a work as Messrs. Norris 
and Baird nave given us."— ^rti«on. 

*" In this work he has given us what are called * the secrets of the 
business,' in the rules to construct locomotives, in order that the mil- 
lion should be learned in all things."— &iM/</l£ AmerictM. 

Nystrom. A Treatise on Screw-Propeilers and 
tlieir Steam'Engines; 

With Practical Rales and Bxamples by which to Calcu- 
late and Constrnot the same for any description of Yes* 
sels. By J. W. Njstrom. Illustrated by over thirty 
Urge Working Drawings. In one volume, octaTO...$6.00 
16 
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